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STOKERS 


All Types 
All Sizes 
For All Coals 


The names, Type E, Coxe and Green, today, as for 
many years past, are synonymous with leadership in 
the stoker field. Viewed from the standpoints of 
engineering recognition, number of stokers installed 
or amount of boiler surface equipped, each of these 
stokers dominates its class. 


In addition to these three stokers, Combustion 
Engineering Corporation manufactures the several 
other types illustrated on this page. The newest mem- 
ber of the family is the Type E Stoker-Unit for boilers 
in the approximate range of 40 to 150 hp. This stoker, 
modeled after its famous forbear—the Type E Stoker— 
is introducing new standards of performance in the 
small stoker field. Also illustrated is the C-E Multiple 
Retort Stoker, six of which were recently purchased 
for the new Federal Government Heating Plant, the 


contract being the largest for stokers awarded so far 
this year. 


When you buy a stoker, consider these facts: 

—Combustion Engineering Corporation has installed 
over 14,000 stokers in this country alone 
(Several thousand more have been installed by 
associated companies abroad), 

—a large percentage of its total business is made up 
of repeat orders. 

—its experience embraces all conditions of opera- 
tion, all kinds of coal and all types and sizes of 


stokers. 


You can depend upon it that any stoker sold by this 
organization will be of a type suitable for your fuel 
and operating conditions, will be built to give many 
years of reliable service with minimum operating and 
maintenance charges, will be properly erected and in- 
stalled, and will meet all performance guarantees. 


COMBUSTION ENGINEERING 
CORPORATION 


200 MADISON AVENUE NEW YORK 
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Record Performance 





Sectional elevation of Caleo Chemical unit. The equip- 
ment comprising this unit is as follows: 


Green Forced Draft Stoker 
C-E Water-Cooled Furnace 


Walsh-W eidner Sectional Header Boiler 
8200 sa. ft. heating surface 
450 Ib. pressure 


C-E Plate Type Air Preheater 
C-E Fin Tube Economizer 


Maximum guaranteed steam production 


100,000 Ib. of steam per hour. 


at Caleo Chemieal 


i ine advantages of C-E equipment and C-E 

overall unit design are strikingly evidenced in 
the results obtained by the Calco Chemical Com- 
pany, Bound Brook, N. J. 


The complete C-E unit installed in this plant, 
which has been on the line for nearly two years, 
has operated at efficiencies ranging from 83 to 86 
per cent, and, for the year ending June 30, 1932, 
has had an availability factor better than 95 per 
cent. After 18 months’ operation, a thorough 
inspection indicated that the furnace was in as 
good condition as on the day it was installed. 


The coal used is a fine size of anthracite, and the 
performance is believed to be the best on record 
for this fuel. 


Combustion Engineering equipment not only 
possesses design and construction features which 
make for record performance, but its installa- 
tions reflect a degree of skill, in the combining 
of the several elements comprising a steam gener- 
ating unit, that definitely assures the best attain- 
able results for the conditions of load, fuel, ete., 
obtaining in each case. 


If you are contemplating an installation of boiler 
room equipment, why not take advantage of this 
company’s extensive experience, especially since 
it can supply you with whatever equipment or 
combination of equipment that will best meet 
your preference and your needs. This applies 
regardless of the size of your plant or the kind of 
fuel to be used. 








COMBUSTION ENGINEERING CORPORATION 


200 Madison Avenue, New York 





PRODUCTS OF COMBUSTION ENGINEERING CORPORATION 


BOILERS STOKERS Type E Underfeed Stoker PULVERIZED FUEL SYSTEMS C-E Water-Cooled Furnace 
Combustion Steam Generator Coxe Traveling Grate Type E Stoker-Units Lopulco Storage System C-E Air Preheaters 
Hei Boil Stoker Lopuleo Direct Fired System C-E Economizers 
ee ee (for small industrial and CE Ash Co: 
Ladd Boilers Green Chain Grate Stoker MISCELLANEOUS mveyors 


C-E Multiple Retort Stoker heating boilers) Raymond Pulverizing Mills 


CATALOGS ON ANY OF THESE PRODUCTS WILL BE SENT UPON REQUEST 


Walsh-Weidner Boilers C-E Ash Hopper 
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Commentary by Joseph H. Keenan 





Heat—The Quest of a Definition” 


OST of us, like Josh Billings, feel that “it is 

nice to know a lot of things, especially if 
some of them are so.” With touching complaisance 
we gather knowledge from textbooks and profes- 
sors quite conscious that we can never reconcile 
much of it with things we know to be so. 


As students we found that the whole structure 
of thermodynamics was set upon a hurriedly in- 
spected definition of heat which in substance ran 
something like this: “Heat is energy stored in a 
body which is evidenced by the temperature of the 
body, and which may be explained by the position 
and motion of its molecules.” Where it was not 
stated a similar definition was usually implied, as 
in the case of one outstanding American text which 
refers to the heat which “disappears” from a sub- 
stance during certain changes, indicating that heat 
is energy in storage which may appear or disap- 
pear as the store is added to or subtracted from. 


It subsequently appeared that internal energy 
was also energy stored within the substance. It 
was quite apparent that unless heat were stored in 
red barrels and internal energy in blue barrels we 
should have trouble trotting out the right sample 
on examination day. 


Nor did further study clear up the confusion. 
We soon learned that an adiabatic expansion is 
one in which no heat enters or leaves the expand- 
ing substance, but in many adiabatic expansions 
the energy stored in the substance decreases. If 
this is heat it has all the agility of a magician’s 
rabbit. 


It is nice to know all these things, but it would 
be nicer to know which of them are so. If thermo- 
dynamics can be expounded in scientific language 
there must be a specific and uncontradictory defini- 
tion of the term heat implied in its fundamentals. 
Only such a definition will serve in an adequate 
derivation or discussion of the corollaries of the 
fundamentals which constitute the science. 


The thermodynamics of the mechanical engineer 
has only two fundamental principles. The first 
principle restates the law of conservation of energy 
to the effect that if more energy is added to a sub- 





* This discussion will be continued in the next article. 


COMBUSTION—October 1932 


stance than is removed from it during a process, 
then the amount of energy stored in the substance 
must increase. It refers to the kinds of energy that 
may be added or removed as work and heat. The 
energy in storage, which may increase or decrease, 
it calls internal energy. 


This is unequivocal enough. Energy which has 
passed into storage during a process is internal 
energy. Heat must be something else. 


The second principle of thermodynamics states 
in part that the maximum work which can be ob- 
tained from any heat engine is equal to the prod- 
uct of a temperature ratio and the heat added to 
the working substance. 


If we have been looking for a description of the 
heat in a substance we have not found it. Both 
principles refer only to heat as it enters or leaves a 
substance. It appears that the science of thermody- 
namics has been built on a foundation in which 
heat is considered only as energy in transition. 
The energy which is called heat while it is being 
transferred appears after the transfer as work done 
or internal energy; it is no longer heat. 


We have arrived at a partial definition: Heat is 
energy in transition. Unfortunately it violates 
many of our old conceptions. We cannot now say 
that a gallon of hot water has more heat in it than 
a gallon of cold water. Noah Webster says we can, 
but Noah was always a little weak in thermo- 
dynamics. 


Perhaps we have believed that the latent heat of 
steam was really heat. We put it to the test and 
find it is not energy in transition. Then it is not 
heat. And so it is with specific heat, and total 
heat, and that bit of unresolved dissonance, heat 
content. 


A century ago the caloric theory flourished. It 
claimed that “heat is an imponderable fluid incap- 
able of being created or destroyed, which permeates 
the interstices of all matter.” It was to portions 
of this fluid that the names /atent heat, specific heat 
and heat content were applied. The imponderable 
fluid has been totally discredited and has slithered 
off into obscurity, but its vapors linger in our no- 
menclature. 


ee H. dharro 


Stevens Institute of Technolegy 
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EDITORIAL 





A “Drive” That Deserves 
the Support of Engineers 


E seem to be living in an era of “drives”. Un- 

doubtedly they all have commendable ob- 
jectives but occasionally we hear about one that 
seeks to remedy a condition with which we are per- 
sonally familiar. Such a drive was recently an- 
nounced in the daily newspapers. Its purpose is to 
promote equipment buying as an economically 
justifiable means of relieving unemployment. 

The program will be carried forward by a com- 
mittee under the direction of A. W. Robertson, 
chairman of the National Committee on Industrial 
Rehabilitation and chairman of the board of the 
Westinghouse Electric & Manufacturing Company. 
An organization is to be set up by. the committee, 
which is an outgrowth of the recent conference of 
banking and industrial committee of the twelve 
Federal Reserve districts called by President 
Hoover, and this group will carry on the proposed 
campaign throughout the country. 

Mr. Robertson stated that the objective of the 
movement was to provide work for 41,620,000 for- 
mer employees of manufacturers of machinery, 
equipment, and plant accessories whose average 
normal output has dropped from over five billion 
to slightly more than one billion dollars annually. 

As Mr. Robertson explained it, “This committee 
will concentrate on getting manufacturers in all 
the principal production centers to modernize their 
plants now, when their machinery is run down, 
when financial and credit conditions are improved 
and installation costs are low.” Quoting him fur- 
ther, “The committee believes that if industry will 
proceed now for reasons of sound self-interest to 
put its house in order and to remedy through mod- 
ernization the run-down condition of its productive 
equipment, employment will be created for hun- 
dreds of thousands of workers in the ‘capital goods’ 
industries. In addition it will bring back on pay 
rolls hundreds of thousands of workers in other 
industries which furnish the parts, raw materials 
and services bought by the machinery and equip- 
ment manufacturers. This will release millions of 
dollars in wages spent for individuals and family 
purchases affecting business in every community.” 

In other words, simply by making an investment 
that will quickly pay for itself at a time when the 
amount required is less than it is going to be fora 
long time to come, the equipment user will con- 
tribute to general prosperity from the creation of 
which he will derive still further benefit. 

The logic of this idea is as compelling as it is 
obvious. Everybody in industry knows that equip- 
ment prices today are at bed-rock. Everybody also 
knows that as soon as things start to pick up there 
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will be a demand for the replacement of worn-out, 
obsolete and inefficient equipment which will send 
prices up, make deliveries slower at a time when 
delay will cost money, and inject an element of 
haste into the situation which will militate against 
the best results. 

Here is a drive that deserves cooperation. Those 
who believe that sound capital investment to create 
employment is a better way of improving condi- 
tions than contributions to unemployment relief 
should get behind this movement and give it their 
full support. 


The New Role of the Engineer 


UCH has been said and written in recent 

years relative to the changing status of the 
engineer and the need for recognition of this in 
preparatory training for his profession. No longer 
can the engineer be regarded as a specialist who 
should be left in his own sphere and who can con- 
iribute little to business outside of that sphere. 

The number of engineers who have attained exe- 
cutive or official status in the businesses ‘with 
which they are identified is already great and is 
increasing each year. In this fact is evidence of 
the growing tendency on the part of leaders of 
business to recognize that engineering training 
develops qualities of mind and a technique of 
thinking which admirably equips its recipients for 
executive responsibility. 

All of which makes apparent the importance of 
introducing into engineering curricula a more 
liberal allotment of economics and other courses 
which will equip the engineer for the more import- 
ant role he is to play in the business structure of 
the future. Time for such courses can be found by 
revising curricula so as to place major emphasis 
on principle and considerably less on methods. 
Education would do well to ponder upon the 
simple yet wise theory of ancient Chinese pedagogy 
which taught that the solution of difficult problems 
hecomes easy when the underlying principles are 
understood. 

One of the many encouraging signs in this di- 
rection is the recent occurrence of The Second An- 
nual Economic Conference for Engineers, held at 
Stevens Engineering Camp, August 7 to September 
5. This meeting, sponsored by the Alumni so- 
cieties of the leading technical schools and univer- 
sities and by the American Association for Adult 
Education, was devoted to the general theme of 
money and banking. During the nine-day session, 
notable authorities presented papers on the funda- 
mentals of ‘these important subjects considered 
especially in the light of development during the 
past three years. 
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Patents 


By GEORGE RAMSEY 
NEW YORK 

Patent Lawyer 

Member A. S. M. E. 


PART Ill 


Patent Office Procedure 


The application for patent having reached the 
Patent Office, it is mounted in a heavy jacket fur- 
nished by the Patent Office, namely, the “file wrap- 
per’. These jackets are of uniform shape to fit 
applications for patents, which the Rules require 
shall be on legal size paper. On the front of the 
jacket is noted the name and address of the in- 
ventor; the name of the assignee and the amount of 
the interest assigned, if there is an assignee of 
record; the serial number of the application; title 
of the invention; and date upon which the complete 
application was received in the Patent Office; and 
the name and the address of the attorney. On the 
back of the jacket are numbered lines on which are 
to be recorded the contents of the file wrapper; that 
is, a notation of each rejection and amendment is 
to be entered on the jacket on the date when sent 
out or received. 

The jacketed application is sent to the Division 
examining the subject-matter of the application. 
The elerk in the Division enters the application in 
the Division docket book in which is kept the entire 
history of the case from the time it comes into the 
Division until it leaves, by transfer, or as a patented 
file, or as an abandoned application. Having dock- 
eted the application, the clerk refers it to the Assist- 
ant Examiner who is assigned to examine cases to 
which the one in question belongs. Most of the 
examining work is done by the Assistant Examin- 
ers. The Principal Examiner supervises the work 
of the Assistants and in most cases, goes over each 
examination with the Assistant before the Official 
letter or action is written. 


* All rights reserved by the author. 
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What happens to an application for patent 
after it reaches the Patent Office? How 
should the application be prepared to meet 
the requirements of Patent Law and of the 
“Rules of Practice” of the Patent Office? 
What is the function of claims, and what 
general rules should be observed in their 
preparation in order to avoid objection or 
rejection by the Examiner and at the same 
time afford the maximum strength and pro- 
tection to the patent? These are some of 
the questions which the author discusses in 
this, the third article in his series. The all 
important subject of claims will receive fur- 
ther consideration in subsequent articles. 


Examination 


The new application takes its place in chronolog- 
ical order with the other new applications on the 
Examiner’s desk and is reached for examination in 
regular order in due time. When examining a 
case, the Examiner usually looks first at the draw- 
ings (drawings accompany nearly all mechanical 
cases, but not usually chemical cases) to get a gen- 
eral concept of the invention. He then carefully 
reads the specification with the drawings in front 
of him and he locates on the drawings the parts 
designated by common reference numerals on the 
drawings and in the specification. As he reads 
along he may note such errors as he finds. Having 
read the specification and studied the drawings so 
that the description and operation of the device are 
understood, the Examiner takes up the claims. 

If the invention is one of simplicity, the Examin- 
er may read all the claims, or he may read only 
the broadest claims to see what scope the inventor 
or his attorney has endeavored to cover. The Ex- 
aminer then goes to his file of prior United States 
patents, which is being continually kept up to date 
as patents are issued, and begins his search for ref- 
erences upon which the claims of the application 
may read. If he does not find any prior United 
States patent meeting the claims, he looks through 
his file of foreign patents, which is also kept up to 
date by exchange of copies of patents between the 
principal nations. If there is neither a prior Unit- 
ed States patent nor a prior foreign patent that 
meets the claims, the Examiner may look into prior 
publications, books, ete. He usually notes the ref- 
erences on the margin opposite each claim he re- 
jects, and usually places two horizontal marks 
opposite the claims he will allow. 


The Official Action 


Having completed the examination of the case, 
the usual practice is for the Assistant Examiner to 
take up the case with the Principal examiner and 
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briefly outline a proposed Official action. The 
Principal Examiner makes such suggestions as he 
thinks proper and the Official action is then writ- 
ten. This is a letter in the name of the Commis- 
sioner addressed to the attorney of record. An un- 
signed carbon copy is sent to the attorney. The 
original letter is signed by the Principal Examiner 
and placed in the Official file wrapper. This letter 
designates the case by the inventor’s name, serial 
number, filing date, and subject-matter of the ap- 
plication, and the body of the letter comprises the 
Examiner’s action on the case. Just before the 
copy of the letter is placed in an envelope to be 
mailed to the attorney, both the original and the 
copy are stamped with a dating “Mail Stamp”. 
This date is the official controlling date of the 
action. The law at present requires that response 
to such action must be made within six months 
from this date, otherwise the application is aban- 
doned, that is, it is dead and the case is closed; 
under very special circumstances, it may be revived 
by order of the Commissioner. 


“Objections” and “Rejections” 


The examination of the application is its first 
test. It is very rare that a case is allowed on the 
first action. An experienced attorney usually 
draws claims sufficiently broad to require the cita- 
tion of art by the Examiner in order that the file 
of the case will show the nearest prior art known, 
so that should litigation arise on any patent grant- 
ed on the application, it may be pointed out to the 
Court that notwithstanding this prior art, the Pat- 
ent Office found the invention as claimed, to be 
novel and granted the patent. In other words, the 
citation of art which is overcome in a case has the 
advantage to the patentee of being a record judg- 
ment by the Patent Office in favor of patentability 
of the invention over the prior art cited. There are 
broadly two types of criticism which may be made 
by the Examiner, the first being “objections” to 
formal matters, the second being “rejections” to 
matters relating to the merits of the case. All 
actions by the Examiner are based either upon the 
Patent Statutes or the “Rules of Practice” which are 
based on the Patent laws. 

Many things may be wrong with an application 
since the requirements of patent law are extremely 
technical. We will endeavor to point out some of 
the difficulties which may be encountered, and 
will take up now a few of the points which arise 
on the face of the application and which are not 
concerned with the merits of the case. 

Under the present laws, the Government filing 
fee of thirty dollars covers a case containing twenty 
claims or less. The fee is increased one dollar for 
each claim over twenty in the case. Where an ap- 
plication has more than twenty claims and only a 
fee of thirty dollars is forwarded, the case will be 
held to be incomplete and will not be given a serial 
number and filing date until the proper full fee is 
paid. Attempts have been made to avoid this re- 
quirement of the law by filing an application with 
twenty claims and then immediately filing a paper 


adding additional claims before the Examiner has 
acted upon the case. Under these conditions, no- 
tice is promptly sent out that unless a fee covering 
the additional claims is forwarded, the case will 
not be acted upon but will become abandoned with- 
in six months from date of the notice. This action 
is a “rejection.” Such additional claims as may 
be deemed necessary to protect the case may be 
filed after an action on the merits by the Examiner. 
No additional fee is required for such claims until 
the final fee is paid for the issuance of the patent. 


The oath must be under seal. If the seal of the 
notary is omitted, or where the oath is incomplete, 
the case will be “rejected” and no patert will issue 
thereon until a proper oath is filed. If more than 
three weeks elapse (except as to cases executed 
abroad in which case longer time is allowed) be- 
tween the execution of the oath to an application 
and the filing of the same in the Patent Office a new 
oath will be required based on the date of filing in 
the Patent Office. The reason for this requirement 
is that the applicant swears his invention has not 
been in public use, etc., for more than two years 
prior to filing his application. This fact might be 
true at the time he executed the oath, but might not 
be true six months from that date. Where filing a 
case is delayed for some reason after the case has 
been executed, it is usually best to file the case with 
the first oath and either attach another oath thereto 
or promptly file a second oath in which the critical 
fact dates are reckoned from the filing date. The 
advantage of retaining the stale oath is that it 
makes a sworn record, which while not acceptable 
for the purpose intended, may be valuable evidence 
to fix the date of invention should litigation arise. 


The drawings must be on sheets of pure white 
Bristol Board (lightweight cardboard with a 
smooth finished surface) exactly ten by fifteen 
inches in size. A black border line one inch from 
the edge of the sheet encloses an area exactly eight 
by thirteen inches, and all the lines of the drawing 
including the signatures must be entirely within 
this border line. A clear space of not less than one 
and one-quarter inches must be left blank at the 
top of each sheet. This space is used for a proper 
heading on the drawing when the patent is granted. 
Each sheet of drawings must be signed in the lower 
right hand corner with the name of the inventor 
and the attorney. The drawings must be made 
with ruling pen and India ink. Free hand work 
to be acceptable must be unusually good. All lines, 
regardless of fineness, must be dead black, clear 
and sharp. All figures of the drawings on the 
same sheet must stand in the same direction, and 
preferably, should stand so that they may be read 
when the sheet is in an upright position. For. 
views longer than width of the sheet, the sheet may 
be turned sidewise and the view placed lengthwise 
of the sheet. The required clear space, however, 
must be maintained at the narrow end of the sheet, 
which in the case of the view running lengthwise 
of the sheet, must be at the right hand end of the 
sheet. It occasionally happens that a very long 
machine cannot be shown on one sheet. In that 
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case, the machine is broken and a portion is shown 
on one sheet and another portion on a different 
sheet. The drawings are purely illustrative and 
dimensions are not required. In fact, unless di- 
mensions are of the essence of the invention, 
dimensions on a drawing are objectionable and 
will not be permitted. The drawings must be 
transmitted to the Patent Office flat. If they are 
folded or broken, new drawings will be required. 
Unless the drawings meet these requirements, an 
“objection” to the drawings will be made in the 
first action. 


If the application when filed is not accompanied 
by proper drawings as above specified, two things 
may happen. First, if the drawings submitted are 
blueprints, or are completely informal, as being on 
paper not of the proper kind or size specified, or 
drawn by free hand in a crude way, the applicant 
may be informed that his application is incomplete 
and unacceptable; that it will not be given a filing 
date or serial number. Such a case must be com- 
pleted within six months, otherwise it will be held 
to be abandoned and the Government filing fee 
will be lost. This is a “rejection” for lack of com- 
pleteness. When such a case is properly complet- 
ed, it receives a filing date and serial number as of 
the date when it was completely filed in the Patent 
Office. Second, if the drawings are of proper size 
but are crudely made, or if the drawings are of 
proper size and are lithographs or prints, or if they 
are broken or torn in the mail, they may be re- 
ceived for purposes of examination only.. New 
drawings will be required before the patent is 
issued. In this case, the application is given a 
filing date and serial number when filed and is held 
to be a complete application but the drawings are 
held to be informal, in other words, they are sub- 
ject to “objection.” The same ruling may apply 
to drawings made of colored ink. Such drawings 
may be acceptable for purposes of examination, but 
will be held to be “objectionable,” and new draw- 
ings will be required before any -patent will be 
granted, even if all the claims of the case were 
allowed. The drawings must illustrate every fea- 
ture mentioned specifically in the claims, otherwise 
the claims will be “rejected” as not supported by 
the drawings. 


The specification must be on legal size paper 
eight by thirteen inches with the subject-matter 
written or printed on one side only in permanent 
ink. Preferably, the lines (if typewritten) should 
be spaced at least two line widths apart. Single 
spacing is objectionable because there is not 
enough space between lines to enable the Clerk to 
enter corrections. Most specifications are now 
typewritten although the files of the older patents 
show all the papers to be in long hand. Specifica- 
tions and claims if plainly written in long hand 
will be accepted today providing the ink used is 
permanent ink. Regardless of how the specifica- 
tion is prepared the ink used is tested, if it looks at 
all doubtful, and if it is found to fade under the 
usual bleaching tests for ink, then the specification 
is “objected” to and all subject-matter written in 
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fugitive ink must be rewritten with record ink. No 
interlineations or erasures should appear on the 
specification or claims unless they are initialed on 
the margin or referred to in footnotes on the same 
sheet of paper. 


The Rules require that an application begin with 
a preamble stating the name, citizenship, residence 
and Post Office address of the applicant; title of 
the invention and usually a power of attorney. The 
Post Office address of the applicant should differ 
from the address of the attorney in order that the 
Patent Office may communicate directly and inde- 
pendently with the applicant if it so desires. These 
requirements should be followed by a general state- 
ment of the object and nature of the invention; 
short, brief descriptions of each view of the draw- 
ing; a detailed description or specification, and the 
claims. If any of these formalities are omitted, as 
for example, suppose the brief description of the 
drawings is omitted from the specifications, this 
will be held to be “objectionable” and the Examiner 
will require that the short descriptions be inserted. 
If misspelled words occur in the specification or if 
reference numerals in the specification do not agree 
with reference numerals on the drawings, or if one 
reference numeral has been used to designate more 
than one part in the specification or on the draw- 
ings, these errors are all subject to “objection.” 


The patent laws require that an applicant for 
patent on an invention “shall file in the Patent 
Office a written description of the same, and of the 
manner and process of making, constructing, com- 
pounding, and using it, in such full, clear, concise, 
and exact terms as to enable any person skilled in 
the art or science to which it appertains, or with 
which it is most nearly connected, to make, con- 
struct, compound, and use the same; and in case of 
a machine, he shall explain the principle thereof, 
and the best mode in which he has contemplated 
applying that principle, so as to distinguish it from 
other inventions.” 

If the description in the specification is clear, 
concise, and not too verbose, little difficulty will be 
encountered in the Patent Office with the specifica- 
tion. There are a few old patent specifications 
which contain poetry. Today, definite technical 
language must be used, and poetry left to its proper 
place in literature. The Patent Office, however, is 
liberal as to the language which the inventor may 
use to explain the invention, provided, of course, 
that the language is not misdescriptive. Unusual 
words are often used in a specification, but if the 
definitions of these words be looked up, it will be 
usually found that the strange word has a meaning 
which specifically fits the situation. Some of the 
words which we may meet are, for example, “un- 
gula” meaning that which is left of a cylinder or 
cone when the top is cut off oblique to the base. 
It was used in a patent on a headlight lens. An- 
other is “chatoyant” meaning having a changeable 
luster like silk. ‘“Conchoidal” referring to a lens 
defines a surface made up of one-half spheres, lit- 
erally “shell-like”. Another unusual word “nuta- 
tion” defines a movement like the wobble of a top. 
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It is such a movement as is to be found in the mov- 
ing parts of certain types of water meters. These 
words are merely chosen at random, as examples, 
but they illustrate that carefully chosen words hav- 
ing definite exact meanings in the specification 
carry precise meanings into the claims. To this 
end, it is not unusual to find “coined” words used 
in a specification. Where a situation arises, for 
example, in metallurgy, wherein a number of ele- 
ments are related but do not belong to the same 
class or group, or in a chemical case, where a num- 
ber of unrelated chemicals perform the desired 
function but otherwise are unrelated, the specifica- 
tion may list these several materials and then des- 
ignate the entire group in some arbitrary way; for 
example, it may be put in this way :—“For the pur- 
pose of the present invention, molybdenum, vana- 
dium, tungsten, and chromium, are designated as 
the —R-group of metals—”. This type of descrip- 
tion or definition when properly used, will be ac- 
cepted by the Patent Office and in this way, an ele- 


ment of a claim may be set forth as “A member of. 


the R-group of metals” which covers the individual 
metals of the groups without a recitation of al- 
ternatives which is not allowable in a claim. In 
other words, by this procedure of making defini- 
tions in a specification, it is possible to cover in the 
claims a scope which could not otherwise be done. 
The main thing which the Patent Office looks to in 
a specification is definiteness and clarity, and pre- 
cise words not only are acceptable but are welcome. 

If the specification is so inadequate as to fail to 
explain the invention to one skilled in the art, the 
Examiner may “reject” on the ground of indefinite- 
ness. This may raise a serious situation because 
it may not be possible to cure the defect without 
introducing “new matter” which will not be per- 
mitted. In such a situation, it may be best to 
promptly file a new application properly prepared 
to cover the invention. 

Trademarks used as descriptive terms as in a 
specification or claims are objectionable, for exam- 
ple, in place of “Bakelite,” “Kodak,” or ‘‘Vaseline,” 
the specification should state—a phenol condensa- 
tion product—a camera—a petroleum derivative. 
.The use of trademarks will be permitted if the name 
is quoted and capitalized, or if followed by “(a 
trade mark)”. The reason for this objection by 
the Patent Office is that very valuable trademark 
rights may be lost should such a mark become a 
descriptive name to designate an article of com- 
merce and the Patent Office is desirous of cooperat- 
ing to preserve these trademark rights to their prop- 
er owners. 


Claims 
The patent laws of 1790 and 1793 did not require 
claims. When a patent was litigated, the Court 
had the duty of finding the features of novelty 
which the patent covered and this often entailed 
great labor and careful analysis. The law of 1836 
was the first statute making claims a formal re- 


quirement. However the adding of claims to a 
specification was a general practice long before il 
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was a legal requirement. The present statute re- 
quires of an applicant that “he shall particularly 
point out and distinctly claim the part, improve- 
ment, or combination which he claims as his in- 
vention or discovery.” The claims of an applica- 
tion are short numbered paragraphs at the end of 
a specification which define the invention in tech- 
nical language. When a patent issues, the claims 
define the scope covered by the patent, just as the 
metes and bounds in a deed for land define the 
boundaries covered by the deed. Most inventions 
are of such character as to present several novel 
aspects and, therefore, it usually requires more than 
one claim to properly define the novel scope there- 
of. The Courts have stated that it is the duty of the 
Court to interpret the claims of a patent but that 
the Court has no power to rewrite the claims to 
cover what might have been covered if the claims 
had been properly drafted. Therefore, it is the 
usual practice to submit very specific claims that 
cover the invention in the specific form disclosed 
in the application, and to also submit other claims 
which will cover the spirit of the invention when 
embodied in structures other than the specific form 
disclosed. : 


The claims in an application receive the most 
careful consideration in the Patent Office, and are 
the chief bone of contention in the Court. The 
claims are the real essence of the patent. The spe- 
cification and drawing are merely the foundation 
on which the claims must stand. It occasionally 
happens that an application is filed without claims. 
In that case, the application is “rejected” as infor- 
mal. The same action is given where the applicant 
writes what he believes to be ‘“‘claims,” but which 
are in fact a lauditory advantage set forth for his 
invention such as, “I claim—The best scrubbing 
brush ever invented’”—or “I claim, A shock ab- 
sorber that smoothes out all the bumps in the 
road”. These “claims” may be all right in an ad- 
vertisement but they do not define an invention by 
claims such as the patent laws require. 


There are two types of claims acceptable by the 
Patent Office. In one type, (the United States 
type), each claim is a separate, distinct, paragraph 
defining a definite characteristic of the invention. 
If the invention is a machine, the claim usually de- 
fines a group of mechanisms as for example: 

A speedometer comprising a rotatable drum, 
colored bands on said drum, each band com- 
prising complemental color stripes arranged in 
alternation, and a shaft whereby the drum may 
be rotated. 


The other type of claim is known as the British 
type where one claim may be dependent on anoth- 
er, for example: 

4. An automatic stop for phonographs 
comprising a rotatable record table provided 
with a spiral groove having substantially the 
same pitch as the tone groove of a standard 
record, and means cooperating with the spiral 
groove to stop the rotation of the record table 
when a standard record has been played. 

2. An automatic stop for phonographs ac- 
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cording to claim 1 and wherein the said means 

comprises a shoe in engagement with the said 

spiral groove, and brake mechanism connected 
to said shoe. 

The Patent Office will not allow claims of the 
British type to be built up pyramid fashion. That 
is, if claim two is built up by referring to claim 
one, claim three cannot be made up by referring 
to claim two. Such claims will be “rejected” as 
informal. It is all right for claim three, four, or as 
many claims as are deemed proper, to refer back to 
claim one or to some other base claim, but not to a 
sub-base claim. 

The British type claim has the advantage of ease 
in writing, and of clarity in distinguishing sub- 
base claims from the base claims. This type of 
claim has the disadvantage of weakness in case 
the base claim is rejected or anticipated. In that 
case, the sub-base claims are seriously weakened 
and may be held met (by prior art references) or 
invalid. The British type is also inconvenient in 
the Patent Office prosecution in that should the 
basic claim be rejected and cancelled during prose- 
cution of an application, the sub-base claims must 
also be cancelled because when the base claim is 
gone, the sub-base claims have no base claim to 
stand on. Also if an unnecessary limitation be in 
the base claim, this limitation is carried into all 
the sub-base claims ‘because the sub-base claims 
are merely more specific claims that include every- 
thing in the base claims plus specified additions. 
Both the British type and the United States type 
of claims have their proper place when used by one 
versed in patent law. 


“Broad” and “Narrow” Claims 


Claims are said to be ‘‘broad” or “narrow” de- 
pendent on their scope. A very broad claim, in the 
nature of a “basic” claim can only be based on an 
invention which is a pioneer in an art and this 
is a somewhat rare occurrence today. 

The following claim selected from an unexpired 
patent is a broad claim: 

“The method of producing sound comprising 
producing super-audible air pulsations, and 
controlling the pulsations at audible frequency 
to produce sound.” 


Such a claim may be said to be “basic” in that it 
defines an invention which is the beginning of a 
new art and is not an improvement on any exist- 
ing type of sound producer. This method claim is 
based on the specification and drawings of a radio 
loud speaker. ‘The patent also contains claims to 
the mechanisms. Method claims, when properly 
allowable, usually afford broader protection than 
structural claims. However, not every case is ca- 
pable of supporting method claims. 


A narrow claim is more or less specific to a par- 
ticular disclosure and has a narrow scope. We 
will learn more about the scope of claims when we 
discuss patents in litigations An example of a 
narrow claim is as follows: 

“In an exposure meter adapted for use with 
light sensitive material, casing having an ex- 
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posure opening therein, a support for a ring 
of light sensitive material, a ring of light sensi- 
tive material carried by said support, means to 
cause the support to advance the ring step by 
step beneath the exposure opening, a driving 
mechanism, an indicator driven by said mech- 
anism, a scale comprising indices of a factor 
of plate exposure through a camera lens, and 
devices to start @aid mechanism to operate 
when said support is moved one step.” 

The exposure meter covered by the patent from 
which this claim was taken belongs to a well 
known type of exposure meter, and is an improve- 
ment on this kind of meter. The state of the art 
therefore made it necessary to limit the claim. 

It is very common to find in a single patent 
claims of widely varying scope so that since the 
terms are only relative, such a patent may be said 
to contain both “broad” and “narrow” claims. The 
Patent Office has no objection to the scope of 
claims, provided, of course, they define a novel 
structure. 


The formation of the claims and the breadth of 
protection sought is strictly up to the applicant or 
his attorney. It is the duty of the Examining Corps 
to examine cases, not to draft claims. If the claims 
presented for examination do not adequately pro- 
tect the invention, it is not the province of the 
Examiner to draft broader claims. He simply acts 
on what is presented and assumes either the appli- 
cant knows what he is doing or that he has em- 
ployed a competent attorney who knows how to 
properly protect the invention. Occasionally, the 
Examiner may make suggestions as to the change 
of a word or two or a phrase in a claim, but this 
is just to clear up some minor difficulty. There is 
a story told of an Examiner (a political appointee 
before the days of Civil Service) long since gone to 
his fathers, who laboriously wrote in long hand a 
long letter of criticism to an attorney telling him 
how many things were wrong with a claim in the 
case. He then wrote out a claim which he sug- 
gested be substituted for the one in the case. After 
he had finished his labors, he turned to an associate 
and said: “I couldn’t find a reference for the claim 
he submitted, but if he makes the claim I sug- 
gested I know where there’s a reference.” That 
was in the “good old days”. The Patent Office does 
not do business that way today. The Examining 
Corps are very technical in their actions. At the 
same time, they are a wonderful body of fine men 
who are very conscientious in their work. 


Division 
If the specification and the claims cover a plural- 


ity of inventions, as, for example, a case discloses 
an automobile and the claims cover both the engine 


and the braking system, the Examiner will reject 


on a requirement for “division”. This means the 
applicant must elect to limit his original applica- 
tion to one of the inventions disclosed. He has the 
right, however, to file a “divisional” application, 
covering the inventions which he disclosed in, but 
has been compelled to divide out of, his original 
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application. A “divisional” application, while 
having a filing date and serial number as of 
the time when it was filed, gets the benefit of the 
filing date of the original application so far as the 
subject-matter of the divisional case is identical or 
common to the original case, when it comes to ref- 
erences, and the filing date of the original is its rec- 
ord date for all purposes in the Patent Office. 


If the invention is simple and the attorney has 
drawn an unreasonable number of claims which 
are of substantially the same scope but vary one 
from the other only with respect to language, the 
Examiner may refuse to go to the labor and trouble 
of examining unnecessary claims and may “reject” 
on the ground of “multiplicity of claims”. 


Multiplicity of Claims 


It is a mistaken idea to assume the more claims 
in an application, or patent, the better. It is some- 
times very easy to write a large number of claims 
by merely changing the phraseology or wording of 
cone claim from another without really changing 
the scope. Such claims are usually easily antici- 
pated because if a reference is found for one of the 
group of such claims, the whole group is liable to 
fall since there is little difference in scope between 
the claims. It is much more difficult to write a 
few carefully considered definite claims of varying 
scope commensurate with the novelty of the inven- 
tion, but such claims are much more difficult to 
anticipate and are worth the time and labor neces- 
sary to frame them. It often requires many hours 
of hard study and careful analysis to formulate a 
single claim that fully defines an invention in view 
of the prior art. Such a claim must fully cover the 
invention but must not read on any prior art pub- 
lication, patent, or device. An application on a 
simple invention with a dozen carefully drawn 
claims to cover various aspects of the invention 
will receive more consideration in the Patent Office 
than the same application with a hundred colorless 
claims. The same psychological effect is to be en- 
countered in the Courts. Where a Judge must con- 
sider a patent having a large number of claims 
that differ only by colorable language (all claims 
_in a patent are legally presumed to be patentably 
distinct one from the other), the only process of 
searching for microscopic differences between such 
claims is very laborious and this naturally has a 
tendency to arouse the feeling that the alleged in- 
vention is more a matter of language than sub- 
stance, to the great detriment of the patentee. 

A net finely woven of small threads may be nice 
to look at, but the one strongly woven of heavy 
cords with wider mesh catches and holds the bigger 
fish. Of course, a complicated mechanism like a 
calculating machine, or a complicated electrical 
apparatus may justifiably carry many claims. 
Even in the case of very complicated devices, it is 
usually possible to break up the essential features 
of the machine into relatively simplified sub-groups 
of mechanisms and to cover each of these sub- 
groups of mechanisms with separate applications 
for patent, each having relatively few claims. The 
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Patent Office officials will be much more tolerant 
with five cases on sub-group devices each carrying 
a dozen claims than they will with a single case 
with fifty claims on the whole machine. This 
breaking up of a machine into sub-group patents 
also has a great advantage in litigation. Instead 
of being compelled to bring a voluminous patent 
on a whole machine into Court, suit may be 
brought on a single patent on a relatively simple 
group of devices which may be easily explained 
and clearly understood. Thus it becomes easier 
and simpler for everybody and the issues are clear 
and distinct. 





Recent Changes Made in 
The Superheater Company 


M. Schiller, in addition to his duties as vice- 
president of The Superheater Company of New 
York and Chicago, has been elected treasurer of 
that company, to succeed W. IF’. Jetter, recently re- 
signed. F. J. Dolan was elected assistant secretary 
and assistant treasurer of the company. 

Thos. F. Morris was elected treasurer and assist- 
ant secretary of The Superheater Company, Ltd., of 
Montreal, to succeed W. F. Jetter. 


The Tenth Annual Convention and Show of the oil 
burner industry will be held in Chicago at the 
Hotel Stevens during the week of June 41, 1938, 
in conjunction with the opening of the “Century 
of Progress,” according to announcement by Mor- 
gan J. Hammers, President of the American Oil 
Burner Association upon his return from Erie, Pa., 
where the directorate of the Association held ils 
regular quarterly meeting. 

“In view of the fact that the oil burner is a 
product typical of those which mark America’s 
‘Century of Progress’,’ Mr. Hammers said, “it 
seemed entirely fitting to our directors, after re- 
viewing the wishes of our industry as a whole, 
that the oil burner industry should. celebrate the 
tenth anniversary of its public shows coincident 
with the opening of this great international exposi- 
tion.” 


Kieley & Mueller, Inc., New York, has appointed 
the F. G. Hartley Co., Perkins Building, Tacoma, 
Wash., agent for its full range line of pressure 
control devices and allied specialties in the Pacific 
Northwest. 





The Riley Stoker Corporation announces that 
George G. Van Tuyl has been appointed District 
Manager of their Cleveland, Ohio, office, beginning 
September 14, 19382. 
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Central Arizona 


has Unusual Construction Features 


The Steam-Electric Station of Central 
Arizona Light and Power Company is un- 
usual in that two sides of the boiler room 
are open to the weather. The plant has 
shown a monthly heat consumption of 14,- 
500 B.t.u. per kw-hr. net station output 
with average throttle steam conditions of 
380 Ib. gage, 677 fahr. and a circulating 
water temperature ranging between 61 and 
80 fahr. Bad well water necessitated an 
elaborate water-treating system. . . . The 
article gives complete details of equipment, 
and performance data. 


C ENTRAL Arizona Light and Power Company 

purchases the major portion of its power sup- 
ply from the hydro-electric system of the Salt River 
Valley Water Users’ Association, a corporation of 
land owners operating an irrigation system con- 
structed originally as the Roosevelt Project of the 
U.S. Reclamation Service. Several dams were con- 
structed for irrigation storage and power develop- 
ment on the Salt River, utilizing the head exist- 
ing in the main irrigation canals. The hydro-elec- 
tric power is sold to the large copper mines, and 
to other power consumers including, the Central 
Arizona Light and Power Company, which serves 
the City of Phoenix and other towns and territory 
in central Arizona. 

In March, 1929, il became evident that a con- 
tinuation of the drought, which had existed for sev- 
eral years, would completely exhaust the stored 
water by April, 1930, with resultant scarcity of 
power. The Association in such event would be 
unable to meet its commitments for firm power 
including that to the Central Arizona Light and 
Power Company. Prompt action was necessary to 
meet the temporary need of the Association and 
since the Power Company would in the course of 
years require additional capacity, it constructed the 
Central Arizona Steam-Electric Station, which is 
operated for the joint account of the two interests 
over a period of years. As pointed out in the June 
15, 1929, issue of the ‘Electrical World,” the “whole 
set-up constitutes one of the finest examples of 
sensible cooperation in power development on 
record.” Construction work was started in June, 
1929, and the 15,000 kw. station was placed in 
operation in April, 1930. 
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By W. F. FRIEND and E. H. KRIEG 


Engineering Department 
Electric Bond and Share Company, New York 


An extensive search for a suitable site led finally 
to a location three miles west of Phoenix, Arizona, 
and two miles north of the Salt River. It adjoins 
the main line of the Southern Pacific Railroad and 
a principal county highway. Of the 160 acres that 
were secured, 62 are designated as the station 
grounds. The mean elevation of the property is 
1051 ft. above sea level. ; 


Station Structure 


The climate appeared to be suitable for the con- 
struction of an outdoor boiler room, and cost 
analyses were made for various arrangements. It 
was found that the all-outdoor boiler room could 
not be justified, as the saving would be too small to 
compensate for the disadvantages; hot sun, rain 
and sand storms would be encountered. However, 
it was decided to leave the sides of the boiler room 
open with the exception of the permanent side 
facing the prevailing winds. 

Instead of building a separate wall between the 
turbine and boiler rooms, the rear boiler walls were 
used as a portion of the curtain wall, and the re- 
maining area was bricked in with a support 
separate from the boiler walls. This arrangement 
permitted a saving in that the usual aisle between 
the boilers and fire or curtain wall could be 
omitted. 

It also simplified taking the air supply for the 
forced draft fans from the auxiliary aisle via the 
air-cooled furnace floor, thus providing ventilation 
for a portion of the building where excessive tem- 
peratures ordinarily prevail. 

That the resulting structure had a pleasing ap- 
pearance is shown by Fig. 41 and by the 
view on the front cover. This is due some- 
what to the turbine room roof having the 
same elevation as the boiler room roof, as shown in 
Fig. 3. The exterior walls are of gunite on ex- 
panded metal, three coats being applied to the ex- 
terior and one to the interior, giving a total thick- 
ness of 1% in. This is colored by two coats of 
light buff cement paint brushed on the exterior, 
with ornamental details painted oyster shell white. 

The gross building volume measured to outside 
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dimensions and from the top of the floor slab to the 
top of the parapet walls is: 


OS eC. a eee 288,000 cu. ft. 
PMGNDTY BOY 5565.56 0cin0s.aweus 181,000 cu. ft. 
fe CC ae re 357,000 cu. ft. 





826,000 or 55 cu. ft. per kw. 
Bileeirical (bay. ..<.i6.s.0:0:<.0s%aaneew 42,000 cu. ft. 


The foundations comprise continuous wall foot- 
ings and individual and compound column foot- 
ings resting on soil good for a loading of 5,000 Ib. 
per sq. ft. 

The light-weight roof consists of Robertson V- 
beam asbestos metal decking resting on structural 
steel purlins, with two % in. layers of Insulite 
board and Johns-Manville built-up felt roofing. 

On the roof of the boiler and turbine rooms are 
mounted nine 48 in. Ilg, power-type ventilators 
with automatic self-closing louvers. Each is rated 
at 18,400 c.f.m. and driven bya 1.5 hp. motor. 

In the fundamental design of the station, pro- 
vision is made for future adoption of pulverized 
coal, if conditions should alter so that coal is more 
economical than oil. Thus, space in the yard has 
been allocated to future coal storage while loca- 
tions of spray ponds, oil storage facilities, the ex- 
tensive water treating plant and miscellaneous 
structures have been determined to allow an eco- 
nomical layout of coal handling and preparation 
plant. It is contemplated that a bin and feeder 
system would be used, the raw coal bunkers and 
pulverizer plant to be installed in a building paral- 
lel to the boiler room and over the present under- 
ground concrete flue gas tunnel which was adopted 
in lieu of the more usual overhead breeching with 
this plan in mind. The pulverized coal bins would 
be placed in line with the economizers which were 
purposely made shorter than usual to give the 
necessary endwise clearance. Reconstruction of 
furnaces to secure suitable ash hoppers has been 
provided for in the present design, such as low 
side water walls that would come below a future 
hearth screen. In the arrangement of spur tracks 
and sidings, a flexible basic layout was adopted so 





Fig. 1—View of station showing open end of boiler room. 
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that future trackage requirements with either coal 
or oil could readily be met. 

For the present, oil storage is provided in a diked 
59,000 gal. umbrella-top tank, but space is re- 
served for several additional tanks if required by 
future plant extensions or the condition of the fuel 
oil market. At the station are placed two service 
tanks with interlocked oil control valves for quick 
throwover, to permit accurate determination of sta- 
tion fuel consumption volumetrically by gaging. 

Space above the offices at the north end of the 
turbine room is available for storage of spare parts 
or for a workshop in making equipment repairs, 
the floor having been designed for suitable live 
loading. The main turbine room crane is available 
for handling materials to and from this area. 
Similarly, the crane can be used for transporting 
oil switches and transformers located on the upper 
level of the auxiliary bay, also for untanking fu- 
ture 66 kv. transformers in the unoccupied space at 
the end of the turbine room, as well as for pulling 
the generator rotor into and out of the stator for 
inspection and maintenance. 


Yard Building 


Before work was started, a Truscon standard 
building was so located that after serving as a 
construction building it could later be used for 
storage purposes, for the machine shop, for hous- 
ing equipment for the water-treating system, and 
for the chemical laboratory. It is 40 by 142 ft., 
and 11.5 ft. clear height under roof trusses. 


Combustion Control 


Combustion is controlled by hand regulation of 
oil pressure at the burner manifold and by hand 
regulation of air pressure in the burner wind box. 
To assist in the latter, the forced draft fan has 60 
per cent speed variation in thirteen steps. The 
push-button control is conveniently mounted on 
the individual boiler gage-boards. Final air-pres- 
sure regulation is obtained by a motor-operated 
damper at the fan outlet, the push-button station 
being located on the same gage-board as the forced 
and induced draft fan control. The induced draft 
fans are two-speed, the control being on the in- 
dividual boiler gage-boards. 

Furnace pressure is automatically held at a pre- 
determined uniform value by a Leeds & Northrup 
air-bell device with electrical contacts controlling 
the motor-operated damper at the induced draft fan 
outlet. 

Unusual Provisions 


Boiler feed is heated and deaerated by vapor 
from the single-effect evaporator, thereby eliminat- 
ing a high-heat-level (evaporator) condenser. 

Leak-off steam from the high-pressure turbine 
packing is taken into the tenth stage bleeder piping 
directly at the turbine extraction opening, making 
a separate gland steam leak-off condenser un- 
necessary. 

The Limitorque motor-operated valves at the cir- 
culating water pump discharges are interlocked 
witb the pump motors so that upon loss of voltage 
or tripping out of the motor, the corresponding 


October 1932—COMBUSTION 























Fig. 2—Cross section of turbine end of station. 


valve will automatically close in 40 seconds, thus 
preventing reversal of flow from the other pump. 
and possible shut-down of the plant. A cross-con- 
nection is provided so that either pump may sup- 
ply water to both halves of the condenser (which 
has divided water boxes) when the other pump is 
out of service. 

The auxiliary generator air cooler, an oil cooler 
and the steam jet air pump are supplied from the 
condenser circulating water system. 

The 105-kw. direct-connected exciter has a 5-kw. 
direct-connected sub-exciter which eliminates the 
usual motor-operated main field rheostat. 

Station auxiliary motors 50 hp. and over are 
2200 volt; 40 hp. and under are 220 volt. 

The induced draft fan discharge duct incorpor- 
ates a 50 per cent cone for recovering velocity head. 
It connects to the top of the underground breech- 
ing as shown by Fig. 3. 

To economize service water- which must all be 
pumped from wells and lime-treated to prevent 
plugging piping with deposits even in cold water 
lines, provision is made for collecting all overflows 


from water-cooled bearings, oil coolers, drains, etc. 
and pumping them as make-up to the spray pond. 
When floors are cleaned, condensers washed, or 
the collected water is otherwise contaminated, it 
can be discharged overboard to the sewer. 

Provision is made in the connection at each end 
of the wood stave lines to permit both of them to 
be used for condenser discharge in the future, at 
which time a new line would be constructed to 
serve as condenser inlet. An addition to the spray 
pond would, of course, be required and the present 
units are laid out to permit logical development. 

In Arizona, algae formation almost invariably 
appears in cooling towers and spray ponds. This 
is difficult to combat with copper sulphate as there 
is no satisfactory means for determining the proper 
dosage. A chlorination system was therefore in- 
corporated as a part of the water-treating plant. 


Operating Difficulties 


Although only eleven months were available for 
the combined design and construction period, all 
operating difficulties were ironed out within a few 
months after the station was placed in initial oper- 
ation. 

The original downtake furnace wall was of 18 
in. thick refractory brick in which the burners 
were placed. Failure of this wall, due chiefly to 
expansion difficulties, led to replacement by sus- 
pended-type refractory similar to that used to back 
the water walls. 

During the first months of operation, numerous 
condenser tube failures occurred but the exact 
cause has never been definitely determined. It is 
thought that this trouble may have been caused 
by the circulating water conditioning being out 
of control for perhaps a short interval of time, since 
there was no recurrence of tube failures after 
the station was “tuned up’. 

No other troubles than the two mentioned were 
of any great significance. 
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Monthly Performance 


Operating figures for one month’s performance 
are: 


Average hourly output, kw-hr................0cceeeeee 12,888 
Energy (© plant M8GR, DEF GONE... hic. cise cectwee 5.0 
Power factor through max. hr., per cent............... 99 
Station load factor based on max. hr. gen., per cent.... 63 
Station operating capacity factor, per cent............ 90 
Station serviceability factor, per cent................. 100 
Av. G0ORM HOSCNNTS, TD. PET OE. Whiwc nc cccccsccscsceaves 379 
it GRA GI, FN noi. 5 6s a dkvkics i vsinieacves 677 
Av. abs. pressure exhaust, in. Hg................00005 1.5 
Inlet circ. water temp., max.-min., fahr............... 80-61 
Av. temp; feed to boilers, fahlr........ccccccscccccccce 331 
Av. temp. feed to economizer, fahr.................... 256 
Heat added per Ib. steam, bir. and econ., Bt.u......... 1125 
Total make-up water, per Cent.......cccecc ccccccccces Mae | 
ee ee er eer 19,000 
Boiler efficiency, blr. only, per cent.................5- 75.5 
Boiler efficiency, incl. economizer, per cent............ 81.6 
Steam per kw-hr. net station output, Ib................. 10.5 


B.t.u. per kw-hr. net station output.................... 14,482 


The man-hours required for this month of 744 
hours were: 





I IIIA. 6 0:0:060 pce npivinasendsenceexaeape 700 
ED i nics Gilionins thdwih hese dciaeunniameess eden 3600 
BIRUMORABOE: Anicddkodcaswnnxy nod cenkuttach oreo me 800 
BO. ccuesucahadsthmswies cacasitankapeni seaweee 5100 
Average number of employees........ 6.85 (all departments) 
Equipment 
Turbine-Room Equipment 
Tubine-Generator 

ee er General Electric Co. 

PED doh we renge eee 15,000 kw. at 80 per cent power fac- 


tor, 18,750 kva. with full bleeding 
Turbine stages 14 


Throttle conditions ..375 lb. gage, 725 fahr. normal, 750 
fahr. max. 

SS ae lst, 7th and 10th stages 

Generator voltage ..12 kv., 3 ph., 60 cyc. 

POD nics eesaeeeen Direct-connected, compound-wound, 
105 kw., 250 v. 

PRS: wk an. oc eideacw ee 1800 


DGD sbicke cna dt huskiee General Electric Co. 

Main soction. «....+.i6. 6750 sq. ft., 3-unit supplied with tur- 
bine condensate 

--4500 sq. ft., 3-unit, supplied with 
condenser circulating water 


Auxiliary section 


Surface Condenser 


ee ree eee Worthington 

DME ooscsanchesunnee 16,000 in % in. Admiralty tubes, 21 ft. 
long 

MO. ction sisdekakeeee Two-pass with divided water boxes 


Tubes are expanded into sheets at both ends, the center 
plate being spring-supported to care for expansion. The 
turbine connection is rigid, the shell being mounted on 
springs resting on concrete piers. 


Circulating Water Pumps 


MEMEO siKSbbseesewee -Worthington 

RI > ass sk aiksdoe ence 18 in. single-stage, double-suction 
Capacity .............20.6 cf.s. each at 57 ft. head 

BOO . 44460 0d008e 00K G-E. 200 hp., 900 r.p.m., squirrel cage 


An 0.3 c.f.s. 75 ft. supplementary pump is provided to sup- 
ply condenser circulating water to water-cooled fan bearings, 
etc. 


Condensate Pumps 


0 ase Worthington 

ee eae 3-stage, 6 in. 

or 0.845 c.f.s. (190,000 lb. per hr.) at 
300 ft. 

TEDODE 5.45 therGaseuces G-E, 75 hp., 1200 r.p.m., squirrel cage 


The hot well level is maintained by the condensate pump 
characteristic without float -control or pressure-regulating 
valves. 


Steam Jet Air Pumps 


BE. 6 assi sone ease eee Worthington 
OR LORE Te Te Two 2-stage with common inter and 
after condenser with external raw 


water precooler 
rer 85.5 lb. air per hr. at 70 fahr. (19.2 
c.f.m. free dry air each) 
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Lubricating Oil System 
Coolers (2): 


MED. vecensscnsavesese Griscom-Russell 

TIOO 6006006360066 v08 2-pass vertical, multi-whirl, 231 sq. ft. 
Cooling water ....... 1 with condensate, 1 with raw water 
Filter: 

0 RR rer rer Bowser 


Type and size ...... Bag, 1500 to 3000 lb. per hr., arranged 
for either continuous by-pass or batch 
treatment 

ee re 36 c.f.h. rotary filter pump, 280 c.f.h. 

rotary transfer pump 

-Bowser, 267 cu. ft. 

compartments 


Pumps 


Precipitation tank .. in each of two 


Miscellaneous Equipment 


Turbine room crane ..Cleveland, 75 tons, 45 ft.-10% in. span, 
with 10-ton auxiliary hook 
Service air compres- 

SS Or a ee Worthington single-stage, 10 in. x 10 
in., 110 lb. gage, with automatic. in- 
take unloader, air intake filter, and 
2 ft.-6 in. by 7 ft.-0 in. receiver 


Pipe Flange Standards 


For the high-pressure steam and boiler feed lines, the 400- 
lb. A.S.A. standard with %4 in. raised face flanges is used with 
1/16 in. thick sheet packing gaskets. 


Auxiliary Bay Equipment 
Boiler Feed Pumps 


Pere Worthington, 5 in. 

Number 2... sesccsve 1i—motor-driven, 1—turbine-driven 

er re ee 4 

CHRUT  o6.65.0 siswasewd 275,000 lb. per hr. (1.3 c.f.s.) at 260 
fahr. 

OS RR eee ar 475 lb 

es od sansa wiae 1750 7 

er. 275 hp. G-E., single-stage, D-54 

Tet StOAM 6. cscucves 400 lb., 750 fahr. 

Outlet steam ......0. 2 in. Hg. abs. to 40 lb. gage 

BND s.ntcKesissivion een 275 hp., squirrel-cage, G-E 


Feed Water Heaters and Auxiliaries 
ee ee er Foster-Wheeler 


ee tr One each for 7th and 10th Stages 
Area, sq. ft. each ...475 
DE Gicwarlsteenniacncee 4 
Length between 
tube sheets ........ 9 ft.-8 in. 
Sy er ee ere % in. o.d., copper 
Shell working pres- . 
sure, lb. gage ....75 


Water box working 
pressure, lb. gage ..150 

Terminal difference 
re eer er ee 


The seventh-stage heater is drained into the shell 
of the tenth stage heater by means of a Stets float- 
operated controller. Drains from tenth stage heater 
(including seventh stage drains) are pumped into 
main turbine condensate line at inlet to seventh 
stage heater, by either of two duplicate Worthing- 
ton two-stage centrifugal pumps rated at 0.14 c.f.s. 
(30,400 Ib. per hr.) of water at 190 fahr. against 
300 ft. total dynamic head, driven at 3510 r.p.m. by 
a 10-hp. squirrel cage induction motor. Discharge 
of pumps is regulated by float-operated balanced 
valve dependent on the level in the tenth stage 
heater hotwell. 


Deaerating Boiler Feed Tanks 


_ | Eee erry ree eee Elliott 
Capacity, lb. per hr. ..600,000 
Storage tank ......0.. 10 ft.-0 in. dia. by 20 ft.-0 in. long 
Deaerating head ..... 8 ft.-0 in. dia. by 9 ft.-0 in. high 
Vent condenser ...... 762 sq. ft. 
After condenser ...... 97.5 sq. ft. for air ejectors during op- 
eration at sub-atmospheric pressure 

Level alarms ........ High and low-level float switches 
Over-flow surge 

BS a ckwaws eaeeer 8 ft.-0 in. dia. by 25 ft.-0 in. long. 


Horizontal. Vented back to storage 

tank. When surge tank is filled, ex- 

cess water is discharged to sewer. 
Transfer Pumps: 


DE Ss 5 vis Fv bb.os.awwee Worthington 
OE . i:0.60:c ae cwawe 0.95 c.f.s. (200,000 lb. per hr.) 
COMGTOL bcos ccccedvves Started and stopped automatically by 


float switches on storage tank 
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Evaporator System 


The 484 sq. ft. Foster-Wheeler single-effect 
evaporator receives steam from the turbine first 
stage and delivers 11,400 lb. per hr. of vapor to the 
deaerating boiler feed tank when supplied with 
103 lb. gage steam and 150,000 lb. per hr. of con- 
densate at 233 fahr. in the boiler feed tank. When 
bleed steam is not available, high-pressure steam 
may be supplied through a reducing valve. 

A 24 in. square, 5 ft. 5 in. high Elliott, vertical 
open heater preheats the evaporator feed to 220 
fahr. with evaporator vapor controlled by a 
thermostatic valve. A 2.5 sq. ft. vapor condenser, 
cooled by the heater inlet water, recovers the heat 
in the vented vapor. 

Evaporator feed is treated by a 0.1 c.f.s. Permutit 
Zeolite softener and is stored in an 8 ft. dia. by 25 
ft. tank in the boiler room basement. Duplicate 
Worthington pumps can deliver 15,000 Ib. per hr. 
each to the evaporator heater. 


Boiler Room Equipment 


Boilers 
BE cccvee wees ae tad B. & W. 
PRUNOGE cvccesecuceces 2 
SS Serer rrr 12,179 
RU 666d a Cc adveseccenis Stirling, Class XXIII 
Max. allowable 
press. lb. gage ....405 
Max, output, Ib. 
WN. Che éKi tne ess 150,000 
Superheater outlet 
CONE, SMT. cc veda cs 750 
Superheaters 
NC caeaaeececedewe B. & W. 
Se SE aking whee when’ 3900 of 2 in. o.d., 0.134 in. thick tubes 
ES Kec bvaeud acute ws Interdeck convection 


Boiler connection ....12-4 in. o.d. tubes expanded into top 
of rear upper boiler drum 


Economizers 
Make and type ....... B. & W. return-bend 
Ei cal deed ¥ cua ead 7120 
NY, Ke baneueeWed vow 2 in. o.d., 0.165 in. thick 
Inlet & outlet temp., is 
ne 260 to 384 


Tube removal ....... Through one side 


Furnaces 

Side Walls: Thickness—22.5 in. above waterwalls; inner fac- 
ing—Walsh XX first-quality fire brick, outer facing—Vitrefax 
second-quality fire brick. 

Downtake Wall: Suspended-type refractory similar to back- 
ing behind water walls. 


Water-Wa!ls: 


Pe cnccecukes oa aa B. & W. 

ps eee tere Both sides and uptake end 

I aw 6ch de abe Ka 4 in. o.d. plain on 9 in. centers. re- 
cessed 4 in. into 9 in. refractory 
backing 

A i ere 1150 sq. ft. total 

Insulation and cas- 

ing 


kobe eaae ele e ee 9 in. refractory (recessed for tubes), 
‘ 2 in. Superex block, 2 in. 85 per cent 
magnesia, steel casing 


Floor:—5 in. first-quality firebrick, 4 in. crushed brick, 2% 
in. Sil-o-cel, %4 in. asbestos millboard, % in. steel plate 
resting on 6 parallel 12 in. I-beams on bottom of which is 
% in. steel plate forming 5 air ducts through which furnace 
air supply is drawn by forced draft fan. 


Roof:—2 courses of fire brick laid on interdrum circulating 
tubes, 1.5 in. 85 per cent magnesia, 0.5 in. plastic finish. 
Forced Draft Fans 

A Buffalo double-width, double inlet fan supplies 
90,000 c.f.m. of air at 140 fahr. to the burner wind 
box on each boiler against 3.2 in. static pressure 
at 875 r.p.m. The 60 hp. motor has a 40 per cent 
speed variation in 13 steps. The air supply is taken 
from the station auxiliary bay as previously de- 
scribed. 
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Induced Draft Fans 


Each Buffalo double-width, double-inlet fan per 
boiler is rated at 100,000 c.f.m. at 478 fahr. against 
6.5 in. water at 875 r.p.m. A two-speed squirrel- 
cage, 200/160 hp., 900/720 r.p.m. motor drives each 
fan. Final draft regulation is obtained by a motor- 
operated damper at fan outlet. 


Stack 


The Rust stack is of reinforced concrete 200 ft. 
above grade, 14 ft. I.D. at top, with a 4 in. brick 
lining for the full height with a 2 in. air space be- 
tween if and the stack. The breeching below grade 
is of reinforced concrete with a 4 in. brick lining 
on floor and walls, with a 2 in. air space between. 
The roof insulation is 2.5 in. thick. 


Station Fuel Oil Equipment 


Each boiler has 10 Forney mechanical-automiz- 
ing burners set in an 18 in. brick wall at the down- 
take end of the furnace. Each burner will supply 
a maximum of 20 lb. per min. at 250 lb. gage, 275 
fahr. They are guaranteed to require not over 15 
per cent excess air. 

The burner fuel oil pumps, designed for 300 Ib. 
gage, deliver 25,000 lb. per hr. each. 


Type Size Drive 
One Dean Duplex piston 8 x 4.5 x 12 in. Steam 
Two Quimby screw No. 3% 25 hp. motor 


The two screw pumps each have a four-speed 
squirrel cage motor; the speed control stations are 
placed on the boiler room operating floor near the 
master boiler gage board. 

Either of the two vertical heaters will raise 25,- 
000 Ib. of oil per hr. from 120 to 275 fahr. when 
supplied with 350 lb. saturated steam. The con- 
densate is trapped into the boiler blow-off tank. 

The burner pumps are supplied with oil under 
gravity by one 500 bbl. and one 1500 bbl. service 
tank in the yard adjacent to the boiler room. They 
are enclosed by 8 in. thick circular concrete dykes 
and have low-pressure steam-healing coils. 

Oil consumption is measured by gaging the serv- 
ice tanks manually with a steel tape device. A re- 
mote indicating thermometer having a sensitive 
bulb submerged at the middle of the tanks indi- 
cates oil temperature. 


Blow-off Tank 

The 4 ft. dia. by 12 ft. long blow-off tank receives 
boiler and auxiliary blow-offs, water-wall drains, 
and oil heater trap discharge. Working pressure 
is 400 lb. gage; atmospheric vent is 10 in. dia. To 
receive the uptake water-wall drains which are 
too low to drain into the main blow-off tank, a 
1 ft. 6 in. dia. x 4 ft. 0 in. receiver is provided. 


Water Supply and Treatment 


Raw water is taken from two 20 in. dia. wells 
about 175 ft. deep, each having a Byron-Jackson 
two-stage turbine-type pump rated at 5 cfs. 
against 98 ft. head and driven by a 100 hp. 1200 
r.p.m., vertical, built-in motor. These discharge 
into the raw water settling basin at the water- 
treating plant. 
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Fig. 4——Plan views of station. 


Because of the high concentration of salts in the. 


well water, the entire water supply is treated to 

accomplish the following results: 

4) Reduction of temporary hardness to the mini- 
mum possible value through conversion, by 
lime, of soluble bicarbonates into insoluble 
carbonates. 

2) Stabilization of lime-treated water to prevent 
after-reaction in the piping system, station 
equipment and Zeolite softeners, through con- 
version by CO, of excess lime into insoluble 
carbonate. 

3) Removal of floc carbonates by sand filtration. 

4) Reduction of alkalinity in spray pond water to 
prevent precipitation of calcium carbonate in 
condenser as a result of built-up concentration, 
by introduction of sulphuric acid. 

5) Sterilization of spray pond water to prevent 
growth of algae and slimes, by introduction of 
chlorine gas. 

6) Reduction of total hardness in water used for 
evaporator feed to the minimum possible value, 
through exchange of scale-forming solids for 
soluble sodium salts, by Zeolite. 

_ Capacities of the various portions of the equip- 

ment are: 


Lime treatment carbonation and filtration c.f.s. 


EN on Sab aGe SU REE KAAS S OT ROSE EOE 1.3 
Asei@d treatments, of:8. Of water .....cccccvseces 1.0 
Chlorination, lb. of chlorine per hr. ............ 25 
Zeolite softening, c.f.8. Of Water ....seccccceceve 0.1 


To accomplish the results desired, the major 
equipment provided comprises: 


One concrete two-compartment basin equipped with tile 
sludge spider, for settlement of raw water and recov- 
ery of backwash water from sand filters. 

Two raw water pumps, vertical submerged centrifugal 
type, each designed for 1.3 c.f.s. against 103 ft. head 
and driven at 1750 r.p.m. by a 30-hp. built-in squirrel 
cage motor. 

One lime-settling tank 26 ft. dia. by 43 ft. high includ- 
ing carbonation chamber 8 ft. deep at top, equipped 
with motor-driven agitator, flue-gas grid and sludge 
spiders. 

Two lime-mixing tanks, each 11 ft. dia. by 5 ft. high, 
with motor-driven agitators and proportional feed 
equipment. 
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Two lime feed pumps, single-stage centrifugal type, mo- 
tor-driven. 

Three sand pressure filters, each 8 ft. dia. by 10 ft. long. 

Two motor-driven flue-gas compressors with scrubbers 
in suction lines. 

One acid treating tank of wood stave construction, 11 
ft. 6 in. dia. by 7 ft. high, complete with motor-driven 
agitator, dilution tank, proportional feed device and 
acid drum-handling equipment. 

One chlorinator, vacuum type with chlorine cylinder mani- 
fold and 1% in. dia. rubber discharge hose to spray 
pond. 


Sludge from the treating plant together with 
waste water (exclusive of sanitary wastes) from the 
station building flows through a 24 in. line to a 
circular sludge receiving basin. This basin is 14 
ft. dia. with an inside depth of 40 ft. and is equipped 
with a motor agitator for keeping the solids in 
suspension. Two vertical, submerged centrifugal 
pumps, each designed for 1.0 c.f.s. against 124 ft. 
head, are provided at the basin, with float control 
switches for automatic operation. These pumps 
discharge through an 8 in. cast-iron bell-and-spigot 
pipe line approximately 11,000 ft. in length to the 
Salt River, where leaching pools are provided in 
the stream bed. 

After lime treatment, carbonation and filtration, 
the general station service water is pumped to a 
10,000 cu. ft. tower tank 125 ft. high or directly 
to station building by one of two 0.5 c.f.s. pumps. 


Condensing Water System 


This includes a 41 c.f.s. spray pond connected to 
the condenser by two 48 in. Continental creosoted 
wood stave pipes, about 1040 ft. long, 5 ft. below 
grade. In the building, Class B flanged cast-iron 
pipe is used. 

The spray pond is 141.5 by 396.5 ft. inside, with 
a depth of 5.5 ft. and a storage of about 110,000 cu. 
ft. A level variation of 2 ft. is allowed. 

The entire bottom of the spray pond is floored 
with concrete, as preliminary tests showed that 
leakage losses through a puddled-type bottom 
would be excessive because of soluble constituents 
in the semi-caliche available. The concrete is 


‘sloped to afford drainage to a centrally located 


sump in each pond section, these being connected 
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to a sewer line, since frequent flushing out of the 
ponds may become necessary to eliminate sediment 
deposit if the water treating system should at any 
time get out of control. 

To permit taking any section out of service, the 
pond is divided by cross-walls into three sections 
with a 5 ft. wide intake flume along one side. The 
intake chamber is equipped with two sets of 0.5 
-in. mesh stationary screens and a jib crane with a 
Wright hand-operated chain hoist. Grooves are 
provided for stop logs. 

Each of the 384 Marley non-clogging nozzles is 
rated at 0.107 c.f.s. under 15.6 ft. head. 


Machine Shop Equipment 
16 in. x 10 ft.-0 in. Lathe; Tool grinder; 28 in. Shaper; 
Pipe threader, 2% in. to 8 in.; 4 ft.-0 in. Radial drill; 
Hack saw, 8 in. by 8 in.; 20 in. Upright drill; Black- 
smith forge; 14 in. x 2 in. Grinder. 


Oil Storage 


The 55,000 bbl. tank is 117 ft. dia. by 29 ft. high 
and rests on a graded earth foundation. It is en- 
closed by a 6 ft. earth dyke, 325 ft. square. Heat- 
ing coils and standard accessories were provided. 

The following oil unloading pumps adjacent to 
the storage tank are for 75 lb. gage: 





Type Size Drive Lb. per hr. 
Dean Duplex piston 7.5x5x1l0in. Steam 35,000 
Quimby screw No. 3% 15-hp. motor 35,000 
Quimby screw No. 4 20-hp. motor 80,000 


The 8 in. oil line from the unloading track and 


pump house extends to the storage tank, service 
tanks and station building. A 1.5 in. rider pipe 
carrying low-pressure steam is carried directly on 
top of the oil line in the same heat insulation. 

The oil line is of welded construction with tube- 
turn fittings to eliminate flanged or screwed joints 
wherever possible. Guided slip-type joints allow 
free expansion where flexibility by pipe bends was 
impracticable. A 2.5 in. line carries saturated 
steam at full boiler pressure from the station to the 
steam-driven pump and through a reducing valve 
to the heating coils in the 55,000 bbl. storage tank. 


Electrical Equipment 

Instead of the customary electrical bay parallel 
to and the same length as the turbine room, Fig. 
4 shows the comparatively small control room. As 
the turbine room was intended to require only two 
operators, an 80 drop annunciator was provided 
to indicate immediately the tripping out of any sta- 
tion auxiliary motor. It indicates automatic opera- 
tion of all 12 kv., 2.3 kv., and 220 volt equipment. 
It is supplied from the 125 volt storage battery. 

The main generating unit is direct-connected 
through oil circuit breakers to the 12-kv. outdoor 
buses. The generator leads inside the station are 
varnished cambric insulated, with special braid, 
mounted on 15 kv. porcelain bus supports and en- 
tirely enclosed in fireproof compartments. 

The main switchboard is of the vertical type with 
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steel panels, four of which are provided for instru- 
ments and three for relays. The auxiliary control 
board is likewise of the vertical type but with slate 
panels arranged for d.c. distribution, storage bat- 
tery, voltage regulator, totalizing graphic watt- 
meter, with provision for future unit No. 2. A 
separate field switch panel is provided for unit 
No. 4. 

All power and control wiring inside the station, 
except generator leads, is varnished-cambric lead- 
covered cable, in fibre conduit where concrete en- 
closed and in steel conduit where exposed. 

Voltage regulator is G-E Company type FTA 
latest design. 

Station auxiliary equipment is supplied by two 
auxiliary transformers each rated at 2000 kva., 
12/2.4 kv., 3-phase, oil-insulated, self-cooled type. 
One is tapped off the main unit leads between 
generator and oil circuit breakers and feeds two 
2300-volt bus sections through a bus tie oil circuit 
breaker; the other is fed from the 12 kv. switch- 
yard. 

Transformers for small motors consist of two 
3-phase 2400/220 volt banks, each made up of 
three 75 kva., single-phase, oil insulated, self- 
cooled transformers; a single spare transformer 
unit is provided for the six working units. 

Station and yard lighting is fed from a bank 
comprising three 25-kva. single-phase 2400/120 volt 
oil-insulated, self-cooled transformers located 
in the auxiliary bay. Two of these feed the normal 
lighting circuits and the third is connected to the 
emergency lighting system. In case of transformer 
trouble, the emergency lighting circuits will be 
fed from the station storage battery until such a 
time as main unit No. 2 is installed, after which 
connection will be made to an emergency lighting 
transformer associated with that unit. 

The station storage battery is type E-9 with 60 
cells, equipped with a 5-kw. trickle-charging set. 
The battery is used for operation of relays, an- 
nunciators, lighting, and for operation of 7 frac- 
tional-hp. motors for control of high-pressure 
steam valves and fan dampers. 

No motor-generator sets or - separately-driven 
exciters are provided. 

The 2300-volt auxiliary power structure con- 
sists of two 2300-volt bus structures of the truck 
type, each comprising twelve self-contained bus 
and oil circuit breaker units. Buses for all aux- 
iliary services are in duplicate throughout, with 
motors which drive duplicate auxiliary equipment 
fed from separate transformer banks and bus 
sections. 

The 220-volt leads from transformers for small 
auxiliary motors are connected to a 220-volt dis- 
tribution switchboard of six panels feeding the 
various load centers through air circuit breakers. 
Load centers consist of un-fused knife switches 
and buses in steel cabinets. 

All wiring in station yard for power and lighting 
is varnished cambric, lead-covered cable in fibre 
conduit. 


Lighting for station building is of usual design 
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with metal reflectors; yard lighting is provided for 
oil tanks and spray pond. 

Grounding comprises connections for generator 
neutral, general station protection and yard 
grounding, all designed as ring systems. Station 
grounding is made of 4 in. x 4 in. copper bar in 
main runs and 1 in. x \% in. bar in branches. 
Outdoor grounding consists of 500,000 cm. cable 
for main line and 250,000 cm. for branches; the 
main outdoor grounding bus is connected by 
special terminals to a number of 2 in. dia. gal- 
vanized steel pipes driven not less than 10 ft. into 
the earth. Fuel oil tanks, water tank and concrete 
chimney are all grounded to the yard system. 

The 12-kv. switchyard is of “open” design, with 
one bay for unit No. 4, one bay for standby aux- 
iliary power transformer, and two bays for 12-kv. 
ties to Phoenix City substation; the ties consist of 
a total of four feeders tied together in pairs. The 
yard is of double bus design with oil circuit 
breakers on both buses. 

The Central Arizona station was designed by the 
Engineering Department of The Electric Bond and 
Share Company and constructed by The Phoenix 
Utility Gompany for the Central Arizona Light and 
Power Company. 





The Mercon Regulator Company announces ex- 
tensions to its line of flow controllers. The com- 
pany has formerly manufactured constant flow 
regulators, flow limiting regulators, and propor- 
tioning regulators for the more general applica- 
tions involving fluid mixing problems. The new 
line is broadened to include regulators for main- 
taining proportional flow of liquids where the two 
liquids do not mix, or, if mixing, may do so at 
process points remote from the point of desired 
control. 





The Coppus Engineering Corporation, Worcester, 
Mass., announces the appointment of John B. Foley, 
Jr., 510 Hills Building, Syracuse, N. Y., as represen- 
tative in that district. Mr. Foley will have charge 
of the sales of Coppus blowers and turbines, Heat 
Killer cooling fans and Coppus-Annis air filters. 





The General Electric Company announces the ap- 
pointment of Louis E. Underwood as manager of 
the Pittsfield, Mass., works of the company. Mr. 
Underwood was formerly managing engineer of 
the stationary motor engineering department of the 
General Electric Company at Lynn, Mass., and he 
is succeeding E. A. Wagner, who has retired. 





James Cunningham, president of the Republic Flow 
Meters Co., Chicago, has been named chairman of 
the Board of Armour Institute of Technology. 
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Here are the fundamentals of combustion 
calculations, simply expressed and explained. 
A clear understanding of these fundamentals 
will greatly facilitate the use of combustion 
formulas. The author works out calculations 
for bituminous coal, oil and gas, step by step, 
using a method that can be applied to any 
fuel of which the analysis is known... . 
This article, in conjunction with the author’s 
contribution in the July issue, “Derivation 
and Use of Common Formulas Used in Com- 
bustion Calculation”, and several articles 
scheduled for subsequent issues, will consti- 
tute a series of exceptional educational and 
reference value. 


F the analysis of a fuel is known, its combustion 

performance may be calculated. Slagging prop- 
erties and incomplete combustion losses must be 
estimated from previous experience with similar 
fuels but such characteristics as the amount of air 
required for combustion and the amount and an- 
alysis of the resulting products of combustion may 
be readily determined. These characteristics, cal- 
culated for various conditions of excess air, may 
be assembled in a single combustion performance 
chart that is very useful in comparing different 
fuels and in checking test performance. 

There are several methods of calculating these 
values. Some of the methods are fundamental and 
others are empirical short cuts applicable only to 
special fuels or special conditions. All of the 
methods are based on the fundamental relation- 
ships expressed in the chemical equations for the 
oxidation of elementary fuels. The elementary fuels 
with which we are concerned in commercial com- 
bustion are carbon, hydrogen, and sulphur named 
in the order of their importance. The combustible 
matter of all commercial fuels may be expressed in 
units of these three elements and the combustion 
characteristics of the fuel calculated from the com- 
bustion equations of these elementary fuels. 

The chemical equations expressing the complete 
combustion of carbon, hydrogen and’ sulphur are 
as follows. For the present we need not be con- 
cerned about the incomplete combustion of carbon 
to carbon monoxide or the formation of sulphur 
trioxide from sulphur. 

4. Carbon to carbon dioxide 

(4) G+ (4) O2 = (4) CO, 
2. Hydrogen to water vapor 
2 He + (1) O. = 2 H,O 
3. Sulphur to sulphur dioxide 
(14) S + (4) O2 = (41) SO, 
These equations are the basis for all combustion 
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calculations and express relationships that should 
be thoroughly understood by all combustion engi- 
neers. 

The letters in the equations together with their 
numerical subscripts represent units of the reacting 
substances and are termed molecules. Thus C rep- 
resents one molecule of carbon, O2 represents one 
molecule of oxygen (made up of two atoms of 
oxygen) and CO, represents one molecule of carbon 
dioxide (made up of an atom of carbon and two 
atoms of oxygen). 

Each molecule has a numerical value that repre- 
sents its relative weight or molecular weight. This 
molecular weight is the sum of the atomic weights 
of the atoms composing the molecule. Thus car- 
bon (C) has a molecular weight of 12, oxygen (O02) 
has a molecular weight of 2 <X 16 = 32, and carbon 
dioxide has a molecular weight of 12 + (2 X 16) 
= 44, It should be understood that these mole- 
cular weights are only relative values and may be 
expressed in any units. Table 1 gives the mole- 
cular weights of substances involved in combustion 
calculations. 

It has been established by experiment that a 
molecular weight of any substance in the gaseous 
state and under the same conditions of temperature 
and pressure will occupy the same volume. This 
law is very significant. The volume will of course 
vary numerically for different units of weight and 
volume and for different conditions of temperature 
and pressure. For combustion calculations the 
pound and the cubic foot are the units commonly 
used and unless otherwise stated, the temperature 
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and pressure are understood to be standard at 32 
fahr. (492 abs.) and atmospheric pressure. Thus 
a molecular weight (82) of oxygen in pounds at 
32 fahr. and atmospheric pressure will have the 
same volume as a molecular weight (44) in pounds 
of carbon dioxide under the same conditions. This 
volume is 359 cu. ft. 


TABLE 1 


Molecular Weights and Formulas of Substances Involved in 
Combustion Calculations 


Number 
Molecular Atomic of Atoms 
Substance Formula Weight Weight per molecule 

ee eer C 12 12 1 
2. Hydrogen ...... H2 2 1 2 
lO See Ss 32 32 1 
S$. GOMER. sieves O2 32 16 2 
5. Nitrogen ...... N2 28 14 2 
6. Carbon dioxide.. CO: 44 i 3 
ft proee monoxide co 28 2 
RW os cecuanas H:0 18 3 
9. Sulphur dioxide. SO2 64 3 
10. Methane ....... CH. 16 5 
te MD: éinsuxes C2He 30 8 


A molecular weight expressed in pounds is called 
a pound mol or simply a “mol” and the volume that 
it occupies is called a molal volume. This molal 
volume varies with changes in temperature and 
pressure according to the well known gas laws, and 
may be corrected to any desired conditions. Vol- 
ume is directly proportional to the absolute tem- 
perature (460 + t° F.) and inversely proportional 
to the absolute pressure. Since combustion pro- 
cesses in steam boiler furnaces take place at prac- 
tically constant atmospheric pressure, pressure cor- 
rections are seldom necessary. The change in the 
molal volume due to temperature (at constant at- 
mospheric pressure) is shown in Fig. 1. For exam- 
ple the volume at 32 fahr. is 359 cu. ft. and at 70 
fahr. the volume is 


(460 + 70) 


359 X = 386.7 cu. ft. 





(460 + 32) 


Returning now to the combustion equations and 
applying these conceptions we find that we can 
write each equation in several ways as follows: 


1. (a) (1) C + (1) O: = (1) C 
(b) : mol C + 1 mol Oz: = 1 * CO2 
(c) [ix << de 32 Ib. Oc = 44 Ib. CO2 
(d) 1 2b C + 32 + 12 lb. O2 = 44 + 12 Ib. CO2 
(e) 359 cu. ft. C + 359 cu. ft. O2 = 359 cu. ft. CO2z 
(f) 1 vol. C + 1 vol. O2 = 1 vol. COz2 


2 H2 + (1) O2: = 2 H20 

(b) 2mol He + 1 mol Oz: = 2 mol H20 

(c) 4st OE: 4 O2 = 36 lb. H20 

(d) 1 1b. He + 32 + 4 lb. Oc = 36 + 4 Ib. H20 . 
(e) 718 Aw “tt. H2 + 359 cu. ft. O2 = 718 cu. ft. H20 
(f) 2 vol. He + 1 vol. O2 = 2 vol. H20 


(1) S (1) Os = (1) so 
(b) 1 mol S + 1 mol O: = 1 ool SO2 
(c) 32 Ib. Ss + 32 lb. O2 = 64 Ib. SO2 
(d) 1b. S + 32 + 32 lb, O2: = 64 + 
(e) 359 cu. ft. *, + 359 cu. ft. 
(f) 1 vol. S + 1 vol. 


32 Ib. SOz 
O: = 359 cu. ft. SOz 
O: = 1 vol. SOs 
It will be noticed how each equation balances. 
There are the same number of atoms of each ele- 
ment and the same weight of reacting substances 
on each side of the equality sign but not necessarily 
the same number of molecules, mols or volumes. 
Thus one molecule of carbon plus one molecule of 
oxygen gives only one molecule of carbon dioxide 
and two mols of hydrogen plus one mol of oxygen 
gives only two mols of water vapor. 

It will be evident from a consideration of the mol 
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Fig. 1—Molal volume vs. temperature. 


—volume relationship that per cent by volume is 
numerically the same as per cent by mol. For ex- 
ample, if we have a mixture of 1/3 of a mol each 
of oxygen, hydrogen and carbon dioxide we will 
have 4 mol of the mixture, and the molal volume of 
this mixture will be 359 cu. ft. under standard con- 
ditions. Since each mol of oxygen, hydrogen and 
carbon dioxide also represents 359 cu. ft. it is evi- 
dent that the mixture contains 33 1/3 per cent by 
volume of each substance and also 33 1/3 per cent 
by mol of each substance. 


Since a mol represents a definite weight as well 
as a definite volume, it serves as a means of calcu- 
lating analyses by weight into analyses by volume 
and vice versa. For example, air has a volume 
analysis of 20.9 per cent of oxygen and 79.1 per 
cent of nitrogen. Since per cent by volume is per 
cent by mol, we have in one mol of air, 0.209 mol of 
oxygen and 0.791 mol of nitrogen. The weights of 
oxygen and nitrogen corresponding to these mol 
fractions are 0.209 X 32 = 6.688 and 0.791 X 28 = 
22.148 respectively. The total weight therefore of 
one mol of air or in other words the molecular 
weight of air is equal to the sum of the weights of 
the mol fractions or 6.688 + 22.148 = 28.84. The 
per cent by weight of oxygen in air is then 6.688 
-- 28.84 X 100 = 23.19 and the per cent by weight 
of nitrogen in air is similarly 22.148 ~ 28.84 x 100 
= 76.81. Furthermore since the molecular weight 
of air is 28.84, a mol of air will weigh 28.84 lb. 
and since a mol is equivalent to 359 cu. ft. the 
density of air under standard conditions is 28.84 
-- 359 = 0.0808 Ib. per cu. ft. The density of any 
gas at any temperature is found by dividing the 
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molecular weight of the gas by the molal volume 
at that temperature (Fig. 1). 

As a second example let us calculate the analysis 
by weight of gas of the following composition. 


pis Serer rer errr eT 20 per cent by volume. 
Casbom Gemide (COe) .ccccccccecce 20 per cent by volume. 
Carbon monoxide (CO) ....-ccecece 20 per cent by volume. 
Hydrogen (H2) ...secceeeresseeees 20 per cent by volume. 
PNONEE. CHS) cccccccceccescoacees 20 per cent by volume. 


The weight analysis may be calculated (1) in terms 
of the original constituents or (2) in terms of the 
elementary fuels carbon and hydrogen and the ele- 
mentary inerts oxygen and nitrogen. 

(1) Calculation to analysis by weight in terms 
of original constituents. 





2 he 
te ws s r-) 
e a ° a 2 
“© = a = wy 
os 8 66 = - = 3 
3% 3° 3 ° S Ps 
. CE 3 z 3 5 > 
§ as 5 ue E - e 
¥ c ie ao 5 ~ 
2 ee 2 KB. v 32 § 
3 BE sa gs o 38 be 
§ ss ic Og s o.% y 
Ss) >> a a8 S| aE rv 
CHs 0.20 0.20 x 146 = 3.2 = 236 xX 100 = 13.57 
co 0.20 0.20 Xx 28 = 5.6 + 323.6 X 10 = 423.273 
CO: 0.20 0.20 Xx 42> 88 + 6X 10 = 3427 
H: 0.20 0.20 x 22 04 + 6X 10 = 1.70 
N2 0.20 0.20 x 28 = 56 + 323.6 X 100 = 23.73 
1.00 mol of mixture = 23.6 lb. 100.00 


(2) Calculation to analysis by weight in terms 
of elementary fuels and inerts. 


Mols per mol of mixture 
Mol per on 








mol of “Carbon Hydrogen Oxygen Nitrogen 

Constituent mixture € He O2 2 

CH, 0.20 0.20 0.40 aa eeu 

CO 0.20 0.20 wwe 0.10 eos 

CO: 0.20 0.20 aks 0.20 wae 

H2 0.20 re 0.20 ate ‘ 

N2 0.20 ey 0.20 

1.00 0.60 0.60 0.30 0.20 

S = 

= - A 

7} S 7 = o 

R=} = 7) S 2 = 

> E : 3 . 2 

B 7 os a EI +} 

os ou “= -«@e =@& 

— 0% ° o.8 O.% 5 

HS AE a HE aE ¥ 
Cc 0.60 xX 2s: 723+ sé -X 100 = _ 30.51 
He 0.60 2212+ BE X 100 lo = 5.09 
O: 0.30 x 32 = 9.6 = 23.6 x 100 = 40.66 
N2 0.20 x 28 = 5.6 — 23.6 x 100 = 23.74 
1 Mol of mixture = 23.6 lb 100.00 


The first half of the calculations under (2) may 
be called a molecular analysis and is an important 
step in combustion calculations. Each constituent 
in the fuel analysis is split up into individual mols 
of the elementary fuels and elementary inerts such 
as C, He, S, Oo, Ne, etc. This can be done by inspec- 
tion. In the given example, methane (CH,) is 
made up of a mol of carbon and two mols of hydro- 
gen (each mol of hydrogen consisting of two atoms 
of hydrogen) and therefore if we have 0.20 of a 
mol of methane we have 0.20 of a mol of carbon 
and 2 X 0.20 = 0.40 of a mol of hydrogen. Sim- 
ilarly carbon monoxide (CO) is made up of a mol 
of carbon and a half a mol of oxygen (each mol of 
oxygen consisting of two atoms of oxygen) and if 
we have 0.20 of a mol of carbon monoxide we have 
0.20 of a mol of carbon and 0.20 + 2 = 0.10 of a 
mol of oxygen. Adding the mols of individual 
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elements we find that in one mol of the fuel we 
have 0.60 mol of carbon, 0.60 mol of hydrogen, 
0.30 mol of oxygen and 0.20 mol of nitrogen. The 
sum of these, 1.70, has no significance and is not 
involved in the calculations. Proceeding as in (1) 
and multiplying each mol fraction by its molecular 
weight, gives the lb. of each element per mol of 
mixture. The sum of these weight fractions gives 
the total weight of molecular weight of the mixture 
and the per cent by weight of each constituent is 
readily calculated in the usual manner. 


TABLE 2 
Analysis of Three Typical Fuels 


1. Solid—Bituminous coal 


Gc cacccceceevadadebeqeeess 3.0 per cent by weight. 
CE ccawdceuss deatereeneedeen 75.0 per cent by weight. 
oc nedeatesuapeucacedeea 4.8 per cent by weight. 
SE Wea d@ddeoweaddududoteenns 1.0 per cent by weight. 
PE. ce nccundeeussedadecewes 1.2 per cent by weight. 
GE citdiwcdevcddecaeusaacuaad 8.5 per cent by weight. 
Se anceeddenacassdendecccataads 6.5 per cent by weight. 
100.0 


2. Liquid—Fuel oii 


CN wedseccacadaneseaeaeoud ed 87.0 per cent by weight. 
Ec ciawavaduedéecedeuadades 11.0 per cent by weight. 
PE kéawecasewdedéwnddaawaas 0.7 per cent by weight. 
DD e¢cdene ceetaumedveddedeaues 1.1 per cent by weight. 
We a2 dN e caccacncnewmauaseded 0.2 per cent by weight. 


3. Gaseous—Natural gas 


DC ecGhéatndevetnaaeectenaas 74.0 per cent by volume. 
WE baddekddedaveceadedacduss 15.0 per cent by volume. 
CaeBe GIOMIME cccccccccccccsces 5.0 per cent by volume. 
WRENN ~ 6 cacdvendsteudcecebueas 6.0 per cent by volume. 


Although the reverse process of calculating per 
cent by volume from per cent by weight is seldom 
necessary, the procedure is quite simple. The com- 
plete analysis of the fuel is necessary and for solid 
fuels having an ash of unknown molecular weight, 
the change can only be made on an ash-free basis. 
The following example is given to illustrate the 
principle of the reverse calculation. Instead of a 
basis of one volume or one mol, it is convenient to 
use 100 Ib. of the mixture as the basis for calcula- 
tion. 

Given a gas mixture of the following composition 


Carbon dioxide (COz) ...........-. 20 per cent by weight. 
Carbon monoxide (CO) .........+.. 20 per cent by weight. 
CR CGE ca cwuducndendcéecsxeees 20 per cent by weight. 
Pn ee or re 20 per cent by weight. 








weemeae CI) - dane désdcivccuaciern 20 per cent by weight. 
~ So 
= : =) 

“4 on - ie} 

2 ‘Ow = Be 2 
— FS s SE S: 
S- a: 7s 3% £5 
bs 3 as 3 os +9 
3 BS 3a oe EE a> 

= a8 oF a4 i 4 
a° = os = ao ~- 
§ hy i) x) : ae 
° 2a A a “a Oo .: oe, 
1) eS Ao as = ms 
CO: 20 oo at = 0.455 + 12.508 x 100 = 3.65 
Oo 20 + 28 = 0.714 a 12.508 x 100 = 5.72 
O: 20 + 32 = 0.625 = 12.508 x 100 = 5.00 
H2 20 + 2 = 10.000 + 12.508 x 100 = 79.91 
N2 20 + 28 = 0.714 + 12.508 xX 100 = 5&$72 
100 lb. of mixture = 12.508 mol 100.00 

7.99 Ib. ae MM waa 
The molecular weight of mixture = 7.99 

The density of mixture at 32 fahr. = 7.99 + 359 = 0.0222 Ib. per cu. ft. 
Specific volume at 32 fahr. - = 359 + 7.99 = 44.95 cu. ft. per db. 


In Fig. 2, the pounds per mol of a mixture is 
plotted against per cent by volume of the constitu- 
ents of the mixture. To find the molecular weight 
from the volume analysis the weight of the individ- 
ual constituents are taken from the chart and added 
together. Thus for air containing 20.9 per cent 
by volume of oxygen and 79.1 per cent by volume 
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of nitrogen, we find the weights of oxygen and ni- 
trogen per mol of mixture are 6.6 and 22.2 lb. re- 
spectively. The sum of these is 28.8 which value 
is the molecular weight of air. 


TABLE 3 
Calculations for Fuel Performance of Solid Fuels 


Fuel—Bituminous coal. 
Excess Air—10 per cent. 
Basis of Calculation—100 Ib. fuel. 


Analysts of Fuel 
Mols per 100 Ib. of fuel 








Per Mol = A \ 
cent per Car- Hydro- Sul- Oxy- . 
by 100 Ib. bon gen phur gen Nitrogen 
weight fuel by He S O: Na 
Moisture, H:0 3.0 0.167 ais 0.167 _ 0.083 saat 
Carbon, C 75.0 6.250 6.250 ani ea ee cane 
Hydrogen, Ha: 4.8 2.400 “ 2.400 als a hee 
Sulphur, S 1.0 0.031 cet 0.031 ator. gene 
Nitrogen, N: 1.2 0.043 ane ne 0.043 
Oxygen, O2 8.5 0.266 ees 0.266 ata 
Ash 6.5 pais - pa eaten sae ius 
100.0 Total 6.250 2.567 0.031 0.349 0.043 
Mols per 100 Ib. of fuel 
— EE ae sncsealiiaaiaiatens 
Cc Ha Ss O2 N: Total 
1. Total oxygen required 6.250 1.283 0.031 ee oo 2.564 
2. Oxygen in the fuel.. ae ae casas 0.349 0.349 
3. Oxygen in required air 6.250 0.934 0.031 as 7.215 
4. Excess oxygenin gases 0.625 0.093 0.003 0.721 
5. Total oxygen supplied 
ee Rae 6.875 1.027 0.034 7.936 
6. Total air supplied.... 32.895 4.914 0.162 37.971 
7. Nitrogen in air sup- 
__ RRR ere 26.020 3.887 0.128 —eas, ae 
8. Nitrogen in the fuel. thee baae one 0.043 0.043 
9. Total nitrogen in 
ME:  sosccnecesscine eee 3.887 0.128 0.043 30.078 
10. Carbon dioxide in 
MDE cccks see eugaise 6.250 pia 6.250 
11. Water vapor in gases .... 2.567 2.567 
12. Sulphur dioxide in 
A ree ee — 0.031 oe 0.031 
13. Total dry gases...... 32.895 3.980 0.162 0.043 37.080 
(Totals of items 4, 9, 
10 and 12) 
14. Total wet gases...... 32.895 6.547 0.162 0.043 39.647 


(Totals of items 4, 9, 
10, 11 and 12) 


SUL R 
OXIDE 


CARBON 
DIOXIDE 
co 


OXYGEN-O2 
SULPHUR - S 


~CaHe 


ITROGEN - No 
CARBON XIDE-CO 


TER-H20 


HANE - 


LB. PER MOL OF MIXTURE 





ie) 20 40 60 80 100 
PER CENT BY VOLUME 


Fig. 2—Pounds per mol vs. per cent by volume. 
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MOLS PER 100 POUNDS OF MIXTURE. 


PHUR DIOXIDE- S05 





° 20 40 60 80 100 
PERCENT BY WEIGHT. 


Fig. 3—Mols per 100 Ib. vs. per cent by weight. 


Analysis of Products of Combustion 














Dry gases Wet gases 
6.250 X 100 6.250 xX 100 
Per cent by vol CO2 —————— = —_—_——————— = 15.77 
37.080 39.647 
0.031 « 100 0.031 x 100 
Per cent by vol. SO2 -——-- = —————- = _ 0.08 
37.080 39.647 
0.721 X 100 0.721 x 100 
Per cent by vol. Oz —_————- = 1.94 ——————= 1.82 
37.080 39.647 
30.078 xX 100 30.078 X 100 
Per cent by vol. Ne ————— = 81.112 ———— = 75.86 
37.080 39.647 
2.567 X 100 
Pervemtip wel. TD cseiscivncis ——————— = 6.47 
39.647 
100.00 100.00 
Molecular Weight of Products of Combustion 
Dry gases Wet gases 
©, PTET ET 0.1686 X 44 = 7.42 0.1577 KX 44 = 6.94 
ME. Sacceecc ates oles 0.0008 xk 64 = 0.05 0.0008 Kk 64 = 0.05 
Re eee 0.0194 K 32 = 0.62 0.0182 KX 32 = 0.58 
ee ae 0.8112 < 28 = 22.71 0.7586 X 28 = 21.24 
PERE: Gc05.Shaswind eeebeeseesawe petra 0.0647 X 18 = 1.16 
1.0 mol = 30.80 1.0 mol = 29.96 
Mol Molecu- Lb. Molal Cu. ft 
per ib. lar perlb. Temp. volume per lb 
of fuel weight of fuel deg. fahr. (c) fuel 
(a) (by (axb) (assumed) (fig. 1) (aXe) 
Dry gases 0.371 30.80 11,43 300 555 205.9 
Water vapor.... 0.026 18.00 0.46 300 555 14.4 
Wet gases .... 0.397 29.96 11.89 300 555 220.3 
PO. Kisacveenss 0.380 28.84 10.95 70 388 147.4 


In Fig. 3, the mols of individual constituents per 
100 lb. of mixture are plotted against per cent by 
weight of the constituents. The two charts are 
useful in calculations similar to the above exam- 
ples. 

In Table 2 the analyses of three different types of 
fuel are given. The coal and fuel oil analyses are 
on a weight basis and the natural gas analysis is 
on a volume basis as is customary. The fuel per- 
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formance of each of tnese three fuels will be deter- 
mined and the method of calculation explained in 
detail. 

The calculations are assembled in standardized 
form in Tables 3, 5 and 7 and 4, 6 and 8. Tables 
3, 5 and 7 give the complete calculations for one 
condition of excess air, 10 per cent in the example 
shown. 


TABLE 4 
Combustion Characterislics—Bituminous Coal 

Excess air—per cent.. 0 20 40 60 80 100 
Per cent COs in dry gases 18.59 15.42 13.18 11.50 10.21 9.17 
Per cent SOz in dry gases 0.09 0.07 0.06 0.06 0.05 0.04 
Per cent Oz in dry gases. 0.00 3.56 6.08 7.97 9.42 10.59 
Per cent Na in dry gases 81.32 980.95 80.68 80.47 80.32 80.20 
Mol: wt. of dry gases. 31.00 30.64 30.37 30.18 30.03 29.91 
Mol wt. of wet gases.... 30.08 29.89 29.74 29.63 29.56 29.47 
Dry gases—lb. per Ib. fuel 10.42 12.42 14.41 16.40 18.39 20.38 


Wet gases—lb. per Ib. fuel 12.88 14.87 16.86 
Air—Ilb. per Ib. fuel..... 9.96 11.95 13.94 15.93 17.92 19.91 
Wet gases—cu. ft. per Ilb.* 129.8 154.7 179.5 204.3 228.9 253.9 
Air—cu. ft. per lb. fuel® 124.0 148.8 173.5 198.3 223.1 247.8 





* Under standard conditions of temperature and pressure. 


Tables 4, 6 and 8 give the assembled characteris- 
tics for 0, 20, 40, 60, 80 and 100 per cent excess air. 
The data of Tables 4, 6 and 8 are plotted in the 
combustion performance charts, Fig. 4, 5 and 6. 

Tables 3, 5, and 7 are practically identical in 
form. The only differences are (1) the basis of 
calculation, which is conveniently 100 lb. for fuels 
analysed on a weight basis, and one volume or one 
mol for fuels analysed on a volume basis, and (2) 
the first step in the determination of the molecular 
analysis. To determine the number of mols per 100 
lb. of fuel, the weight fraction of each constituent 
is divided by the molecular weight of the constitu- 
ent. To determine the mols per volume or the mols 
per mol of fuel, no calculation is required because 
per cent by volume is numerically the same as 
mols per mol. 
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Fig. 4—Combustion characteristics—bituminous coal. 
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In the second half of the calculations given in 
Tables 3, 5 and 7 the air required for the combus- 
tion of each constituent and the composition and 
amount of the products of combustion are devel- 
oped in such sequence that every item involved in 
the calculations is accounted for and readily avail- 
able for checking or for conversion to pounds or 
cubic feet. Errors are reduced to a minimum and 
doubts eliminated concerning fuels containing 
large amounts of carbon dioxide, sulphur, nitrogen 
and other constituents that may confuse the calcu- 
lation of the amount and analysis of the products 
of combustion. 


TABLE 5 


Calculations for Fuel Performance of Liquid Fuels 


Fuel—Fuel oil. 
Excess air—10 per cen 
Basis of calculation--100 Ib. of fuel. 
Analysts of Fuel 
Mols per 100 Ib. of fuel 














Per Mol c A . 
cent per Car- Hydro- Sul- Oxy- 
by 100 Ib. bon gen phur gen Nitrogen 
weight fuel Cc H2 Ss O2 N2 
Carbon, C 87.0 7.250 7.250 ee a ‘aus 
Hydrogen, H2 11.0 5.500 owe 5.500 ena ‘ade ene 
Nitrogen, Na 0.7. 0.025 neue rr aa 0.025 
Sulphur, S 1.1 0.034 soca, OG waa sage 
Water, H20 0.2 0.011 0.011 P 0.005 wae 
100.0 Total 7.250 5.511 0.034 0.005 0.025 
Mols per 100 Ib. of fuel 
— = = ~ 
Cc He Ss O2 N2 Total 
1. Total oxygen required 7.250 2.755 0.034 Kis 10.039 
2. Oxygen in the tuel. dkas ctenn sxe GOS 0.005 
3. Oxygen in required air 7.250 2.750 0.034 waed 10.034 
4. Excess oxygenin gases 0.725 0.275 0.003 1.003 
5. Total oxygen supplied 
i OE scccdaceaunes 7.975 3.025 0.037 11.037 
6. Total air supplied.. 38.157 14.473 0.177 52.807 
7. Nitrogen in air sup- 
oom wisabemhiweeses 30.182 11.448 0.140 wie sauce. @hzee 
8. Nitrogen in the fuel. .... eux owe wes CO CH 
9. Total nitrogen in 
MR ica decewanndae 30.182 11.448 0.140 0.025 41.795 
10. Carbon dioxide in 
DE Sens deeedekaaad 7.250 ones 7.250 
11. ater vapor in gases wae 5.511 5.511 
12. Sulphur dioxide in 
en ee Pee ee aeed cco OC acces GOO 
13, Total dry gases...... 38.157 11.723 0.177 0.025 50.082 
(Total of items 4, 9, 
10 and 12) 
14. Total wet gases...... 38.157 17.234 0.177 0.025 55.593 
(Total of items 4, 9, 
10, 11 and 12) 
Analysis of Products of Combustion 
Dry gases Wet gases 
7.250 X 100 7.250 X 100 
Per cent by vol CO2 ————— = ——————- = 13.04 
7 50.082 55.593 
0.034 xX 100 0.034 X 100 
Per cent by vol SO2  ———— = 0.07 ———— = .06 
50.082 55.593 
1.003 < 100 1.003 X 100 
Per cent by vol. O2 ——— = 2.00 ——— = 1.80 
50.082 55.593 
41.795 X 100 41.795 X 100 
Per cent by vol. Nz: «(832045 0 C= 75.19 
50.082 55.593 
5.511 * 100 
Per cent by vol. BGP sddeudecente —————— = 9.91 
55.593 
100.00 100.00 
Molecular Weight of Products of Combustion 
Dry gases Wet gases 
GOs sacwedtucewee 0.1448 K 44 = 6.37 -1304 X 44 = 5.74 
WU i cctevadueces 0.0007 xX 64 = 0.04 0006 X 64 = .04 
COE saéneceedeapin 0.0200 Xx = =. O64 MaAxXBs 
Das wkekecakanas 0.8345 X ee a7 7519 X 28 = 21.05 
BD -ccicccdicd 64.  ‘skeetewddeedeeecnuds O51 X 18 = 178 
1.0 mol = 30.42 1.0 mol = 29.19 
Mol Molecu- Lb. Molal Cu. ft 
per Ib. lar per Ib. Pp. volume per Ib 
of fuel weight of fuel Pony fahr. (fig. 1) fuel 
(a) (b) (aXb) (assumed) (c) (aXc) 
Dry gases ..... 0.501 30.42 15.24 500 700 350.7 
Water vapor.... 0.055 18.00 0.99 500 700 38.5 
Wet gases .... 0.556 29.19 16.23 500 700 389.2 
EP si:nantvalends 0.528 28.84 15.23 70 388 204.9 








Item 1, the total oxygen required, follows directly 
irom the elementary fuel equations. 6.250 mols of 
carbon require 6.250 mols of oxygen and 2.567 mols 
of hydrogen require 2.567 ~ 2 or 1.283 mols of 
oxygen for complete combustion. 


TABLE 6 

Combustion Characteristics—Fuel Oil 
Excess air—per cent.. 0 20 40 60 -80 100 
Per cent COs in dry gases 16.01 13.20 11.24 9.78 8.66 7.77 
Per cent SOz in dry gases 0.08 0.07 0.06 0.05 0.04 0.04 
Per cent Oz in dry gases 0.00 3.66 6.22 8.12 9.59 10.75 
Per cent Ne in dry gases. 83.91 83.07 82.48 82.05 81.71 81.44 
Molecular wt. of dry gases 30.59 30.28 30.07 29.91 29.78 29.69 
Molecular wt. of wet gases 29.22 29.16 29.12 29.08 29.06 29.03 
Dry gases—Ib. per lb. fuel 13.86 16.62 19.39 22.16 24.93 27.70 
Wet gases—lIb. per !b. fuel 14.84 17.61 20.38 # 23.15 25.91 28.69 
Air—lb. per Ib. fuel..... 13. 85 16.61 19.38 22.1 24.92 27.69 
Wet gases—cu. ft. per ib.* 182. 3 216.8 251.2 285.8 320.1 354.8 
Air—cu. it. per Ub." ...5 272.4 206.7 241.2 279.7 310.2 344.7 

* Under standard conditions of temperature and pressure. 


Since some oxygen is already present in the fuel, 


item 2, it ds subtracted from item 1 to give the 
amount of oxygen that must be supplied by air, 
item 3. In the distribution of the oxygen supplied 


it has been assumed that the oxygen present in the 
fuel is combined with the hydrogen in the fuel and, 
therefore, the 0.849 mol of oxygen in Table 3 has 
been substracted from the 1.283 mols of oxygen re- 
quired for the combustion of the hydrogen. 

Item + represents the excess air. In the example 
given the excess air is taken at 10 per cent. If the 
excess air is assumed at 30 per cent, item 4 will be 
7.215 < 0.30 = 2.165. The sequence of items 2, 3 
and 4 is important. Excess air is per cent of the 
air or oxygen required for combustion and there- 
fore must be ealculated from the oxygen to be sup- 
plied after the oxygen in the fuel is accounted for. 

Item 5 is the total oxygen to be supplied by the 
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Fig. 5—-Combustion characteristics—fuel oil. 
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Fig. 6—Combustion characteristics—natural gas. 


air and requires no explanation. Item 6 is calcu- 
lated from item 5 by dividing by the per cent by 
volume (per cent by mol) of oxygen in air, 
namely 20.9. Item 7 is calculated from item 
6 by multiplying by the per cent by volume 
of nitrogen in air namely 79.1. Item 7 is 
also the difference between items 5 and 6. To this 
nitrogen must be added the nitrogen present in the 
fuel because both appear in the products of com- 
bustion. 

Items 10, 11 and 12 are based on the molecular 
analysis and the combustion equation relation- 
ships. 6.250 mols of carbon give 6.250 mols of car- 
bon dioxide, 2.567 mols of hydrogen give 2.567 mols 
of water vapor, etc. 

The total dry gases, item 13 is the sum of items 
4,9,10 and 12. The total wet gases, item 14 is the 
sum of the dry gases and the water vapor. The 
water vapor includes both the moisture in the fuel 
and the water vapor formed by the combustion of 
the hydrogen. 

The analysis of the products of combustion in 
per cent by volume is found by calculating the per 
cent by mol as shown. The molecular weight of 
the dry gases and wet gases is then determined as 
shown. 

The molecular weight of the fuel is required 
when the basis of calculation is 1 mol, in order to 
convert the results from mols or lb. per mol of fuel 
to mols per lb. of fuel. The molecular weight of 
solid fuels containing ash cannot be determined be- 
cause the molecular weight of the ash is not a def- 
inite quantity but such fuels are calculated to a 
weight basis and the molecular weight is not re- 
quired. 
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All of the items in Tables 3 and 5, that are in 
terms of mols per lb. of fuel can be quickly con- 
verted to lb. per lb. of fuel by multiplying by the 
proper molecular weight or to cu. ft. per lb. of fuel 
by multiplying by the proper molal volume. For 
example the mols of dry gases per lb. of fuel in 


TABLE 7 
Calculations for Fuel Performance of Gaseous Fuels 


Fuel—Natural gas. 
Excess air—10 per cent. 
Basis of calculation—1 volume or 1 mol of fuel. 


Analysis of Fuel 


Mols per mol of fuel 
Per Mol —— 





“Xv 


























cent per ‘Car- Hydro- Sul- Oxy- ’ 
by mol of bon gen phur gen Nitrogen 
vol. fuel 2 Ss O2 Na 
Methane, CH; 74.0 0.740 0.740 1.480 
Ethane, C2He 15.0 0.150 0.300 0.450 Kee 
Carbon 
dioxide, CO: 5.0 0.005 0.050 0.050 eens 
Nitrogen, N:2 6.0 0.006 ‘awa eer 0.060 
Total 
100.0 1.000 1.090 1930 0.050 0.060 
Mol per mol of fuel 
“Cc S O: Na Total 
1. Total oxygen required 1.090 0.965 ee 2.055 
2. Oxygen in fuel..... e eees Kata 0.050 0.050 
3. Oxygen in required air 1.090 0.915 Pere 2.005 
4. Excess oxygen in gases 0.109 0.091 0.200 
5. Total oxygen supplied 
eer errs 1,199 1.006 2.205 
6. Total air supplied... 5.737 4.816 10.553 
7. Nitrogen in air sup- 
; | eR errne 4.538 3.809 “owe 8.347 
8. Nitrogen in the fuel..  .... awa 0.060 0.060 
9. Total nitrogen in 
OA ccckacokacebeks 4.538 3.809 0.060 8.407 
10. Carbon dioxide in 
SE, ackeeecccesces 1.090 ee 1.090 
11. Water vapor in gases .... 1.930 1.930 
12. Sulphur dioxide’ in 
ME Aanecuwmakeenes atts Fee as jate 
13. Total dry gases...... 5.737 3.900 0.060 9.697 
(Total of items 4, 9, 
10 and 12) 
14. Total wet gases..... 5.737 5.830 0.060 11.627 
(Total of items 4, 9, 
10, 11 and 12) 
Analysis of Products of Combustion 
Dry gases Wet gases 
1.090 X 100 1.090 * 100 
Per cent by vol. COz2 —_ = 11.24 a—————= .37 
9.697 11.627 
Preemie: GE sddcivecceee. - «.  hdeneeeticns 
0.200 X 100 0.200 X 100 
Per cent by vol. O2 —_— = 2.07 ——$—$——$—————— = 1.72 
9.697 11.627 
8.407 xX 100 8.407 x 100 
Percent by vcl. Na: —————. = 86.69 9 —— = 72.31 
9.697 11.627 
1.930 X 100 
Per cent by vol. pS ee — = 16.6 
11.627 
100.00 100.00 
Molecular Weight of Products of Combustion 
Dry gases Wet gases 
= aeeceedaveees 0.1124 K 44 = 4.95 0.0937 Kk 44 = 4.12 
ME @csveethvess es. waneeecteck >... 02 -—  “ineaeeoeneee 
2 RRP eer cere 0.0207 X 32 = 0.66 0.0172 X 32 = GS 
Bc celths dee h a Cees 0.8669 X 28 = 24.27 0.7231 <X 28 = 2.25 
MEE Setclacinakeca, Webeaeeucacs 0.1660 Xk 18 = 2.99 
1.0 mol = 29.88 1.0 mol = SI 
Molecular Weight of Fuel Gas 
Cae "spew dedanedecemens 0.740 X 16 = 11.84 
Gee geddirigddcedadues 0.150 X 30 = 4.50 
COE wa ccccssiccecennses 0.050 X 44 = 2.20 
TE bc neeeksrbeesvegeues 0.060 XK 28 = 1.68 
1.0 mol == 90.22 
Temp. 
Mol Molper Molecu- Lb. per deg. Molal Cu. ft. 
per lb. of ar . of fahr. volume per Ib. 
mol of fuel weight fuel (as- (fig. 1) of fuel 
fuel (a) (b) (aXb) sumed) (c) (aXc) 
Dry gases ... 9.70 0.480 29.88 14.34 400 627 301.0 
Water vapor... 1.93 0.095 18.00 1.71 400 627 59.5 
Wet gases..... 11.63 0.575 27.91 16.05 400 627 360.5 
PD Guuceeeses 10.55 0.522 28.84 15.05 240 510 266.2 
COMBUSTION—October 1932 


Table 3 is 0.371 and the molecular weight of the 
dry gases is 30.80. Therefore the lb. of dry gases 
per lb. of fuel is 0.371 < 30.80 = 11.43. Similarly 
if the temperature of the air is 70 fahr. and the 
mols of air per lb. of fuel is 0.380, the molal volume 
at 70 fahr. is 388 cu. ft. and the volume of air per 
lb. of fuel is 0.880 X 388 = 147.4 cu. ft. 

The items in Table 7 are on a basis of a mol rather 
than a lb. of fuel. The conversion to lb. per lb. of 
fuel or cu. ft. per lb. of fuel is made as explained 
above except that it is necessary to divide by the 
molecular weight of the fuel. For example the 
mols of dry gases per mol of fuel in Table 7 is 9.70, 
the molecular weight of the dry gases is 29.88, and 
the molecular weight of the fuel gas is 20.22. 
The lb. of dry gas per mol of fuel is then 9.70 x 
29.88 = 289.84 and the lb. of dry gas per lb. of fuel 
is 289.84 — 20.22 = 14.33. Similarly the cu. ft. 
of air at 70 fahr. per lb. of fuel is equal to 10.553 
X 388 — 20.22 = 202.5. 

If the combustion characteristics of gaseous fuels 
are desired on a cu. ft. of fuel basis, the calcula- 
tions are equally simple. Instead of dividing by 
the molecular weight of the fuel we divide by the 
molal volume at fuel gas temperature. For exam- 
ple in Table 7 the lb. of dry gases per cu. ft. of 
fuel gas at 70 fahr. is equal to 9.70 X 29.88 ~ 388 
= 0.747, or the cu. ft. of air at 70 fahr. per cu. ft. 
of fuel gas at 70 fahr. is 10.553 X 388 ~ 388 = 
10.553. At the same temperature the mols per mol 
data is the same as cu. ft. per cu. ft. 

In plotting the data in Figs. 3, 4 and 5 the per 
cent of GO, and SO, have been added together 
because usually both are determined as CO, in an 
Orsat analysis of the gases. All three charts have 
been plotted on the same scale in order to bring out 
the differences in the characteristics of the three 
fuels. The variation in the per cent of CO, and the 
amount of air and products of combustion will be 
noticed. The relative positions of the air, dry 
gases and wet gases lines are of interest. The solid 
fuel chart shows the dry gases line between the 
wet gases and the air, while for the gaseous fuel 
the air line takes the middle position. 

The per cent of oxygen in the dry gases is a 
much better indicator of the amount of excess air 
than is the per cent of carbon dioxide except for 
fuels containing large amounts of nitrogen. 


TABLE 8 
Combustion Characteristtcs—Natural Gas 

Excess air—per cent.. 0 20 40 60 80 100 
Per cent COz in dry gases 12.47 10.23 8.67 7.52 6.64 5.95 
Per cent SO:2 in dry gases .... jas oman ihe Pree ‘imine 
Per cent O2 in dry gases 0.00 3.76 6.38 8.30 9.77 10.94 
Per cent Nez in dry gases 87.53 86.01 84.95 84.18 83.59 83.11 
Mol. wt. of dry gases.... 29.99 29.79 29.64 29.54 29.45 29.39 
Mol. wt. of wet gases.... 27.83 27.98 28.09 28.18 28.25 28.31 
Dry gases—lIb. per Ib. fuel 12.96 15.70 18.43 21.17 23.91 26.65 
Wet gases—Ib. per Ib. fuel 14.68 17.42 20.15 22.89 25.63 28.37 
pred 5 per Ib. fuel..... 13.68 1642 19.15 21.89 24.63 27.37 
Wet gases—cu. ft. per Ib 

MP” ssdncasnacaaeeue . 223.5 257.5 291.6 325.7 359.8 
Air—cu. ft. per Ib. fuel * 170. 204.4 238.4 272.5 306.6 340.7 





* Under standard conditions of temperature and pressure. 


It should be understood that the three charts 
given here cannot be taken as typical of solid, 
liquid and gaseous fuels without reservation. Each 
fuel has its own performance chart made from an 
accurate analysis of the fuel. The variation in 
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charts for coals will be small but the variations in 
charts for gaseous fuels may be very great. Even 
different samples of natural gas may have widely 
different charts. The variations are largely due to 
the presence of inerts like CO, and Ng in the fuel 
that appear unchanged as diluents in the products 
of combustion. The variations in hydrogen con- 
tent of fuels is another factor that shows in the 
charts in the relative positions of the air and gases 
lines. 

It is evident that the method described is very 
flexible. Blank calculation sheets can be made in 
standard form and serve as convenient file and ref- 
erence records. Although the procedure may ap- 
pear long and cumbersome at first sight, many of 
the items can be filled in by inspection and details 
have been given here that are not necessary to those 
familiar with the system. Whether used or not, 
the system should be understood as the relation- 
ships expressed are the basis for all combustion 
formulas. 





New Members on Advisory Committee 
of New York Power Show 


The management of the New York Power Show 
announces the acceptance of membership on the 
Advisory Committee by A. D. Bailey, Superinten- 
dent of Power Generation, Commonwealth Edison 
Co., Chicago; V. M. Frost, Public Service Electric 
& Gas Co., New Jersey; and A. C. Fieldner of the 
U. S. Bureau of Mines. 

The present members of the Advisory Committee, 
in addition to the above, are: I. E. Moultrop, Edison 
Electric Illuminating Co., of Boston (Chairman) ; 
Homer Addams, past president, American Society 
of Heating & Ventilating Engineers; N. A. Carle, 
Manager, Pacific Electric & Manufacturing Co.; 
Fred Felderman, past president, National Associa- 
tion of Power Engineers; C. F. Hirshfeld, Chief of 
Research Department, Detroit Edison Company; O. 
P. Hood, Chief Mechanical Engineer, U. S. Bureau 
of Mines; Conrad N. Lauer, President, The Ameri- 
can Society of Mechanical Engineers; John H. 
Lawrence, President, Thomas E. Murray, Inc.; 
Fred R. Low, past president, The American Society 
of Mechanical Engineers; Glenn Muffly, President, 
American Society of Refrigerating Engineers; Da- 
vid Moffatt Myers, Consulting Engineer; F. B. Row- 
ley, President, American Society of Heating & Ven- 
tilating Engineers; and Charles F. Roth and Fred 
W. Payne, co-managers of the Exposition. 





Obituary Notice 


Robert L. Sheraton, New England representative 
of the Hagan Corporation, died the morning of 
September 2nd at his home in Newtonville, Mass., 
following a short illness. 
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Boiler, Stoker and Pulverized Fuel 
Equipment Sales 


As reported by equipment manufacturers to the 
Department of Commerce, Bureau of the Census. 





Boiler Sales 


Orders for 327 boilers were placed in July 
by 72 manufacturers 





Number Square feet 
PN NE 5-6 50S Gu halocaa CREA ERR RS KOEN Rs 327 350,745 
a rn er or een re 785 650,942 
eer nel to July (inclusive, 1932)............0. 1,867 1,954,754 
quivalent period, _ Ree eye re 4,376 3,992,478 
eS TIE (as. e wise SA www wks Ke eee ew ans 7,508 6,327,262 





NEW ORDERS, BY KIND, PLACED IN JULY, 1931-1932 




















July, 1931 July, 1932 
co A ecient ' oe A a) 
Kind Number Square feet Number Square feet 
Stationary: 
ME MUD. rece tie cages 87 297,636 43 213,318 
Horizontal return tubular. 45 56,990 30 38,633 
Vertical fire tube........ 55 19,194 30 6,659 
Locomotive, not railway.. 4 1,664 4 4,223 
steel BORNE 2... sccccce 561 246,001 209 82,100 
CO COMEET 5.66.00. 00ss000 3 a ican °. ene 
Self contained portable... 29 26,808 10 6,092 
Miscellaneous ........... 119 1 320 
PRE. “Oheauat pa eesa maser ece 785 650,942 327 350,745 
Mechanical Stoker Sales 
Orders for 114 stokers totaling 25,068 hp. 
were placed in July by 55 manufacturers 
Installed under 
Pre A 7 
Fire-tube boilers Water-tube boilers 
e HA —— “~ ae 
No. Horsepower No. Horsepower 
July, OE 2 in auihiti atin dale ace 70 8,605 44 ; 
ae. | errr 202 25,765 51 13,627 
qoauary to July (inclusive, 1932) ... 449 59,568 229 94,279 
quivalent period, rere 831 108,159 333 114,504 
ON SOME 4a 8400404660 o eae TReK eS 1,889 252,571 574 187,507 





Pulverized Fuel Equipment Sales 


Orders for 7 pulverizers with a total capacity of 18,250 Ib. 
per hr. were placed in July 
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One of three Loeffler steam generators installed at the 
Trebovice station, Czecho-Slovakia. Capacity, 165,000 
Ib. of steam per hr. 


By 
DAVID BROWNLIE, LONDON 


HE use in recent years of very high steam pres- 
sures, such as from 1250 to 1900 lb. per sq. 

in., has resulted in the development of various 
special designs of steam generating units repre- 
senting marked variations from the conventional 
types of water tube boilers which under such con- 
ditions have to be constructed with costly, and ex- 
tremely heavy, forged steel drums. One of the 
most striking inventions in this field is the ‘“Loef- 
fler” steam generator, developed since 1928 by the 
late Professor Stephen Loeffler of Vienna, and con- 
trolled by the Witkowitzer Bergbau und Eisenhiit- 
ten Gewerkschaft, Witkowitz, Czecho-Slovakia. The 
first commercial boiler of 17,630 lb. evaporation per 
hr. was erected in 1924-1925 at the works of the 
Wiener Lokomotivfabrik A. G. at Wien-Floridsdorf, 
Vienna, operating at 1650 to 1800 lb. per sq. in. 
pressure, with superheated steam at 932 fahr. max- 
imum. Up to this time twelve different Loeffler 
boilers have been installed and, at present, two very 
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The Loeffler 
Super-Pressure 
Steam Generator 


While considerable information on the 
Loeffler Steam Generator has already ap- 
peared in print, an up-to-date review of the 
installations made and the operating results 
obtained with this unique design will un- 
doubtedly be of interest. Mr. Brownlie 
briefly discusses the principles involved in 
the design and then proceeds to describe the 
various installations starting with the original 
installation in Vienna and concluding with 
the large units now being installed in Mos- 
cow. The latter installation will be the 
largest high-pressure plant in Europe, each 
of the two boilers being designed to pro- 
duce, at maximum rating, 350,000 Ib. of 
steam per hr. at 1900 Ib. pressure and 932 
fahr. total steam temperature. 


large units of double type, each of 352,640 Ib. per hr. 
maximum evaporation, are under construction 
for the Thermo-Technical Institute of Moscow 
(U.S.S.R.). 

The basic principle of the Loefiler boiler is to use 
one or more large evaporator drums or cylinders 
and heating coils or superheaters of steel tubes, 
which latter are fixed in a furnace setting and 
connect to-the evaporator drums. Operating pres- 
sures vary from 1400 to 1900 lb. per sq. in., but 
are always over 750 lb. All the steam from the 
drums passes through the heater coil in the furnace 
at very high velocity, about 60 to 65 ft. per sec., 
and is raised to a temperature up to 932 fahr. For 
this purpose it is necessary to have in the circuit 
between the evaporator drum and the heater coil 
a special booster pump which takes all the steam 
from the drums and forces it through the heater 
coils at a somewhat higher pressure, say from 
1945 to 1975 lb. per sq. in., in the case of 1900 Ib. 
in the drum. Then about 33 per cent of the steam 
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at 1900 lb. pressure, or other figure, and 932 fahr. 
is used for driving a steam turbine, and the other 
67 per cent passed back to the evaporator drums 
being “bubbled” through the water below the sur- 
face. That is, the steam is generated entirely by 
passing very highly superheated steam through the 
water, the evaporator drums being situated at any 
desired distance from the furnace setting, with suit- 
able pipe connections, and not being exposed to 
any external heat. The general theory is that nar- 
row-bore steel tubes will stand the action of heat 
by direct contact with combustion gases, under 
super-pressure conditions, very much better than 
large drums. Consequently the evaporator drums 
can be of much simpler and cheaper design, and 
need not be of forged construction. 

In the Loeffler boiler setting, therefore, all the 
heat from the furnace, which may be fired in any 
convenient manner with gaseous, liquid, or solid 
fuel, is transmitted direct to steam only and not 
mainly to the water as in ordinary steam genera- 
tion practice with a small amount for superheat- 
ing. Further the circulation is entirely positive, 
because of the use of a separately driven pump, and 
does not depend upon gravity, while being un- 
affected by the steam pressure. 

The steam heater coils or superheaters are 
in two stages. The first is a radiant heat super- 
heater lining the combustion chamber walls which 
raises the steam coming from the evaporator drums 
at about 600-650 fahr. to 725-740 fahr. From this 
point the steam passes to the second superheater 
or re-superheater, of the convection type, where 
the temperature is raised from 725-740 fahr. to 932 
fahr. 
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First Loeffler steam generator installed at the Witkowitzer works, 
Czecho-Slovakia for operation at 1800 Ib. pressure and 932 
fahr. total steam temperature. 
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Standard equipment includes both an economizer 
and an air heater. 

The original boiler at the Wiener Lokomotiv- 
fabrik A.G., with a maximum evaporation of 17,630 
lb. per hr., is fired generally with low-grade anthra- 
cite, the installation including superheaters, feed- 
water economizer, and air heater. Steam is gener- 
ated in this case in two parallel evaporator drums, 
each 23 ft. long and 31.5 in. internal dia., the two 
drums having been installed to allow of experi- 
mental investigations under greatly varying condi- 
tions. A steam generation efficiency of over 80 
per cent is stated to be obtained, using preheated 
air at 266 to 320 fahr. 

Interesting to note also is that the feedwater econ- 
omizer is in two stages, the water first being raised 
in temperature in a heat exchanger by means of 
condensing low-pressure steam generated from dis- 
tilled water which circulates through heated cylin- 
drical tubular boilers. This water then enters a 
pipe coil economizer, where the temperature is 
raised to 586 fahr. by means of the combustion 
gases. Further the steam booster pump, of the re- 
ciprocating type, and the feed pump are combined 
in the form of a single, vertical, double crank shaft 
unit, available for operating under the maximum 
condition, already mentioned, of 1800 lb. per sq. in. 
pressure and 932 fahr. superheated steam tempera- 
ture. 

After the satisfactory operation of the first Loef- 
fler boiler at Vienna a unit of 33,060 lb. evaporation 
per hr. was erected at the Witkowitzer works also 
operating at 1800 lb. pressure and 932 fahr. super- 
heated steam temperature. Pulverized fuel firing 
is used, with bituminous coal, the greater part of 
the air for combustion being preheated to 570 fahr. 
and mixed with the coal at the burner, with the rest 
used in the cold condition to convey the pulverized 
coal from the bunker to the burners. Five evap- 
orator drums are installed, each 23 ft. long and 31.5 
in. internal dia., arranged in parallel, this also 
being partly for experimental reasons since for a 
small boiler of this size a single drum is sufficient. 
As with the plant in Vienna, the steam booster 
pump of the reciprocating type with piston valves 
is combined with the feedwater pump as a single 
vertical unit driven by an a.c. motor. 

Next the Witkowitzer Company installed two 
Loeffler boilers, each of 110,200 lb. evaporation per 
hr., each with two evaporator drums 26 ft. long, 
and 43 in. internal dia., fixed below the firing floor 
direct on the foundations, while above the drums 
is a group of pumps. The whole space occupied 
is only 59 ft. wide, 50 ft. long, and 53 ft. high, much 
less than with the ordinary type of super boiler, 
the maximum pressure being 1900 lb. per sq. in. 

At the Witkowitz Works also there is being oper- 
ated a super-pressure turbine operating normally 
at 1800 lb. per sq. in., and 932 fahr. superheated 
steam temperature at the stop valve, giving an out- 
put of 18,000 kw., built by the Erste Brunner Mas- 
chinenfabrik A.G. 

In 1927, a Loeffler boiler of 33,060 lb. per hr. 
evaporation was installed at the Karolinenschacht 
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Loeffler centrifugal steam booster pump at the Karolinenschacht 
plant at Czecho-Slovakia. 


mine of the Witkowitzer Steinkohlengruben, in 
Czecho-Slovakia. Shortly afterwards two much 
larger boilers were installed each of 110,200 lb. per 
hr. maximum evaporation, while two more boilers, 
each of 143,260 to 165,300 lb. evaporation, have 
since been placed in operation. Also three Loeffler 
boilers, each of 165,300 lb. of water per hour maxi- 
mum evaporation have now been completed at the 
Trebovice power station in Czecho-Slovakia. 

As regards the general design and construction 
of the Loeffler boiler the superheater coils are con- 
structed of very resistant molybdenum carbon steel, 
with 0.6 per cent molybdenum and a tensile 
strength of 100,000 lb., which is claimed to repre- 
sent an ample factor of safety at the highest tem- 
peratures. For a typical large boiler of 165,300 lb. 
evaporation, in the case of the radiant heat super- 
heater the outside diameter of the tubes is 234 in. 
with below 1% in. for the internal diameter, the 
walls being 17/64th in. thick. For the convection 
superheater or re-superheater the outside diameter 
of the tubes is 2%4 in., the inside diameter less than 
2% in., and the thickness approximately 5/16 in. 

Included in the many interesting accessories of 
the Loeffler boiler are special types of valves and 
boiler fittings for operating up to 1900 lb. per sq. 
in. and 932 fahr. superheated steam temperature, 
and a float type of water level indicator. This 
works on the electrical principle, with iron core, 
counterbalanced by the float, so that as the latter 
. Pises the weight goes down and vice versa, working 
in conjunction with a solenoid, altering the amount 
of current passed in a circuit and giving readings 
accordingly. 

The vital part of the equipment is the booster 
pump which has to take saturated steam up. to 
4950 lb. per sq. in. from the evaporating drum, and 
discharge it under compression through the heater 
in two stages, so that, as already indicated, the 
greater part of the highly superheated steam passes 
back into the evaporating drum, while the remain- 
der goes to the steam turbine. 

According to Professor Loeffler there is less trou- 
ble in circulating saturated steam with a pump 
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than in circulating high-pressure feedwater, and 
the problem is stated to be not so difficult as the 
design and operation of very high pressure com- 
pressors, operating up to 15,000 lb., such as are 
used in the chemical industries. 

In the design of this booster pump, the prin- 
cipal objectives have been to provide for the han- 
dling of super-pressure steam without breakdown 
and undue maintenance costs, and to avoid exces- 
sive power for driving. Two types of pump are 
used, depending on the size of the boiler. With an 
evaporation of 22,040 to 33,060 lb. per hr. or over, 
the pump is of the centrifugal type, but for smaller 
units a 3-cylinder vertical reciprocating pump is 
employed. As previously described pumps. of this 
latter type were used in the original experimental 
Loeffler boilers and are operating also with consid- 
erable success in a number of commercial installa- 
tions. These include, for example, a boiler with 
an evaporative capacity of 33,060 lb. per hr., at the 
Witkowitzer works, and the similar boiler at the 
power plant of the Karolinenschacht mine. 

A valuable field for the Loeffler boiler is the su- 
per-pressure locomotive, and in this connection a 
locomotive constructed in 1930 by the Berliner 
Maschinenbau A.G. (vormals L. Schwartzkopf) 
Berlin, is running successfully with a boiler of 
this type. 

Essentially the design of the combined steam 
booster and feed pump is also of the vertical 
3-cylinder type, with the pump cylinder above, and 





View showing radiant superheater of Loeffler steam generator 
at the Karolinenschacht plant. 
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two booster steam cylinders in tandem, having a 
special design of stuffing box using ring metallic 
packing of the spring type. . 

One of the minor difficulties was the piston rings, 
but this problem has now been solved. These ver- 
tical piston pumps are direct driven, with the 
necessary speed reduction, either by electric motor 
or steam engine. 

With regard to the centrifugal booster pumps for 
larger duties, that is an evaporation of over about 
22,040 lb. per hr., these also have proved to be quite 
satisfactory, having been designed by Professor 
Loeffler and constructed by Escher Wyss A.G. of 
Zurich, as installed in the Witkowitzer plant. 

In compressing saturated steam from say 1900 
lb. per sq. in. to 1945 to 1975 lb. per sq. in., the 
main problem was the tightness of the stuffing 
boxes, and detailed investigations were carried out 
in connection with the two boilers, each of 110,200 
lb. evaporation per hr. at the Karolinenschacht 
plant. Three methods were studied, the first being 
the use of a soft packing as in the ordinary cen- 
trifugal pump practice for water, which, however, 
proved to be useless in view of the very high speeds 
used, 5000 to 8000 r.p.m. Also it was not possible 
to use the second method investigated, that is laby- 
rinth packing, because of the high pressures in- 
volved. 

Success was attained however with the third 
method, the employment of a sealing liquid in the 
form of a viscous oil. Essentially the bearing is 
filled with white metal, leaving an annular space 
for the liquid seal, the oil being circulated at a 
pressure of about 2250 lb. per sq. in., with a relief 
valve in the circuit discharging at 1980 lb. per sq. 
in. For this purpose the pump used in the oil cir- 
cuit at the Karolinenschacht plant was a runner 
wheel of 11.8 in., electric driven, forming a 2- 
chamber gear wheel pump, designed to give a flow 
of 1321 lb. against a pressure of 2250 lb. 


The principle may be described as a form of 
labyrinth packing in which a small amount of oil 
escapes in place of steam, generally not more than 
about 66 to 79 lb. per hr., while the pump shaft, as 
well as the stuffing boxes, is cooled to prevent un- 
due heating and alteration of the oil viscosity. 

Subsequently this oil seal design was modified 
in conjunction with Escher Wyss & Co., the runner 
wheel now being on an overhung shaft in a cast 
steel housing with an outside bearing only, having 
also an arrangement to reduce the axial thrust, 
while the stuffing box is provided with a large 
number of teeth, cut both in the axial and radial 
directions. 

It is stated that this type of oil seal joint is so 
satisfactory that a pump running at the maximum 
speed of 8000 r.p.m. loses only about 0.5 per cent of 
the total amount of steam under conditions of 1950 
lb. pressure which steam, however, is not lost being 
discharged to the turbine. Thus as the result of 
many months running it is stated the actual steam 
leakage at 180/lb. is only approximately 880 lb. per 
hr., as compared with 1322 lb. guaranteed by the 
makers, while at lower pressures such as 15 to 30 
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Section through two Loeffler generators being installed at 
Moscow. Evaporation 286,000 to 353,000 Ib. of steam per hr. 
at 1900 Ib. pressure and 932 fahr. total steam temperature. 


ts. the leakage is only 176 lb. per hr. Further, it 
may be mentioned that the steam turbine driving 
the pump, also of Escher Wyss make, allows of 
very easy regulation within a wide range of 2000 
to 8000 r.p.m. to enable the boiler to run at extreme- 
ly low load. 

Interesting also in this connection is the discov- 
ery made at Witkowitz that highly superheated 
steam at 752 fahr. taken from the radiant super- 
heater to drive the pump means that deterioration 
from erosion due to the use of wet saturated steam 
is avoided. 

With regard to the plant the Witkowitzer Berg- 
bau und Eisenhitten Gewerkschaft now have in 
hand for Moscow, this consists of two complete 
Loeffler boilers, representing the latest principles of 
design, each of which will have a normal duty of 
286,520 lb. of water per hr., with an overload duty 
of 352,640 lb. operating at 1900 lb. per sq. in. pres- 
sure and 932 fahr. superheated steam temperature. 
These will be the largest boilers in Europe operat- 
ing under super-pressure conditions and apparent- 
ly are to be installed at one of the power stations in 
Moscow. They are designed for pulverized fuel 
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firing, and will use low-grade coa] from the Donetz 
area. 

The boilers are set as shown in the accompany- 
ing drawing, the common combustion chamber 
having a total volume of 21,180 cu. ft., and having 
two rows of eight pulverized fuel burners. The air 
for combustion is preheated to 485 fahr. 

The induced draft fans are of the double suction 
type, having a maximum duty of 140,140 cu. ft. of 
flue gases per min. at a temperature of 440 fahr. 
discharging through dust separators, of a type not 
specified, to the chimney. The convection type 
re-superheaters are each of 10,760 sq. ft. heating 
surface, with 48 coils, 2.75 in. outside dia., and are 
designed to raise the steam from 735 fahr., as re- 
ceived from the radiant heat superheaters of 3120 
sq. ft. heating surface, to 932 fahr..—discharging 
about 33 per cent of the steam at the latter tempera- 
ture to the turbine and the remaining 67 per cent to 
the evaporator drums of the boilers. 

The reheaters receive steam at 380 lb. pressure 
and 535 fahr. and raise it to a temperature of 752 
fahr. Each reheater has 6886 sq. ft., of heating sur- 
face consisting of 32 coils 1.87 in. external dia. 

The feedwater economizers have 6080 sq. ft. of 
heating surface each, taking water at 410 fahr. 
after bleeder heating. The air heaters are of the 
‘“Thermorex” type, constructed by the Witkowitzer 
Company. 

Kach boiler has five evaporator drums 26 ft. long 
and 43 in. dia., and also one mud drum 6 ft. 6 in. 
long and 43 in. dia. A single-stage, turbine-driven, 
centrifugal steam booster pump having a maxi- 
mum duty of 1,100,000 lb. of saturated steam per 
hr. is provided for each unit. 

It is claimed that there will be no difficulty in 
constructing and operating much larger Loeffler 
boilers and plans have been made for units of 551,- 
000 Ib. per hr. evaporation. 

The main claims for the Loeffler boiler include 
low capital and maintenance costs, very high effi- 
ciency, uniform superheated steam temperature 
within fine limits, clean and dry steam, and flexi- 
bility in design, construction and operation of 
the plant. Also it is not necessary to use special 
steel, heavy supporting structures, expanded joints, 
make-up feedwater plant, or steam accumulators. 

As already indicated a simple type of evaporator 
drum, internally heated only, is much cheaper for 
conditions of 750 to 1900 lb. per sq. in. pressure as 
compared with forged steel drums. The weight is 
less, which means elimination of heavy support- 
ing structures and large foundations, while the 
drums can be in any convenient position in regard 
to the steam heating coils. Impure or dirty feed- 
water makes no difference since the water is not 
exposed to external heat, and scale and deposits in 
the evaporator drum do not affect the metal. Con- 
sequently make-up softening plant can be eliminat- 
ed. 


Also the steam is dry and clean because it is 
given off relatively slowly from a wide area of 
water in the large evaporator drums, while the cen- 
trifugal action of the steam booster pump used for 


COMBUSTION—October 1932 


the larger plants tends to separate moisture and 
solid impurities. Further, an increase in steam 
pressure causes no difficulties in the way of burn- 
ing and deterioration of the boiler tubes due to an 
insufficient rate of heat transmission, even with 
distilled water, since the circulation is dependent 
upon a mechanically driven pump. 

It is claimed the heater coils, like the steam 
booster pump, do not in practice give rise to trou- 
ble under the conditions of a steam velocity of 
about 65 ft. per sec. For example, in the case of 
the Vienna and the Witkowiitz plants, pieces cut out 
of the heater coils after 3000 hr. running showed 
no deterioration of the metal, while the tubes are 
quite clean inside since only relatively dry and 
clean steam is heated. Also the boiler is extremely 
flexible and can be started up very rapidly from 
cold using low pressure auxiliary steam. Under 
conditions of say from 165 to 225 lb. per sq. in. the 
time is about 2 to 3 hr. for the average size installa- 
tion and much less of course if the given boiler is 
in circuit with other Loeffler boilers running at full 
pressure. 

With regard to the disadvantage of the equivalent 
of 2 per cent of the total steam generated used for 
the steam booster pump it is contended this is a 
relatively minor matter in view of the net advan- 
tages obtained. 

I have to express my best thanks to the Witkowit- 
zer Bergbau und Eisenhiitten Gewerkschaft and 
also to the Continental Steel Trading Co. Ltd., of 
London, their representatives in Great Britain, for 
full information, including all the photographs and 
line drawings reproduced. 





The Davis Engineering Corporation, 90 West Street, 
New York, N. Y., as part of their sales expansion 
plan, has appointed Fred W. Carlson, 959 Harrison 
St., Seattle, Wash., representative in that territory. 





The General Refractories Company, Philadelphia, 
Pa., announces that an arrangement has been con- 
cluded with the McLeod & Henry Company of Troy, 
N. Y., whereby they are now in a position to offer 
to the trade the well-known and high quality 
CARBEX (Silicon Carbide) commodities manufac- 
tured by the McLeod & Henry Company. 





Alex Dow, past president of the American Society 
of Mechanical Engineers, has been appointed chief 
of the Detroit Ordinance District. 





Calvin W. Rice, secretary of The American Society 
of Mechanical Engineers, has been appointed a 
member of the National Research Council on the 
Division of Engineering and Industrial Research. 
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Comparison of A. S. M. E. Fusion Welding Requirements 
for Unfired Pressure Vessels | 


This tabulation, contributed by L. G. Haller of the 
Hedges-Walsh-Weidner Company, Chattanooga, 
Tenn., shows the main differences between Class 1 
and Class 2 workmanship. The A.S.M.E. Boiler 
Code for fusion welding is the same as the Class 4 
code for unfired pressure vessels except that the 
boiler code requires that all seams be X-rayed. The 


main difference between Class 1 and Class 2 weld- 
ing, aside from the annealing and X-raying, is that 
Class 1 work is continuously checked on every job 
by physical tests made of coupons attached to each 
vessel, while Class 2 work is checked only once 
every six months by requiring the welders to make 
only one test coupon semi-annually. 














| 


CLASS 1 


CLASS 2 





X-RAY TEST TO PROVE 
SOUNDNESS OF WELDS: 


ANNEALED TO 
RELIEVE STRESSES: 


PLATE THICKNESS: 


ALLOWED EFFICIENCY 
OF WELD: 


QUALIFICATIONS OF 
WELDERS: See Text Above Table. 


BEND TEST: 


TENSILE TEST OF JOINT: 


ALL WELD METAL TEST: 





WELD METAL DENSITY TEST 
ON SPECIFIC GRAVITY: 


ALL WELD METAL TENSILE 
TEST FOR PLATES %” AND 
HEAVIER: 





PURPOSES FOR WHICH VES- 
SELS MADE ACCORDING TO 
— CLASS MAY BE 





All longitudinal seams and one cir- 
cular seam. 


Yes. 


Unlimited. 


90% of solid plate. 


Class 1 welders required. 2 Coupons 
attached to shell plate being welded, 
one on each end of one longitudinal 
joirtt of each vessel. 
CONTINUOUS CHECK. 


30%. 


At least equal to the minimum of the 
range of plate on one coupon taken 
from every vessel. 





20% Elongation in 2”. 


Specific gravity 7.80 Min. 


Equal to plate. 


Class 1 can be used on all classes of 
pressure vessels. 








NOTE: The above is only a synopsis of the requirements of Class 1 and 
Class 2 Fusion Welding. For full details see the 1931 issue of A. S. M. E. 
Code for Unfired Pressure Vessels, which can be secured from the American 
Society of Mechanical Engineers, 29 West 39th St., New York City. 


None required. 


Only in rare instances. 


14” Maximum. 


80% of solid plate. 


Class 2 welders required. Welder 
qualified by making only one coupon 
every six months. 

CHECK ONLY AT 6-MONTH 
INTERVALS. 


Electric—20%. 
Oxyacetylene—15%. 


Equal to 95% of minimum range of 
plate on one test coupon only, made 
once each 6 months. 


None required. 


None required. 


None required. 











Class 2 can be used on all vessels ex- 
cepting those containing lethal gases 
or lethal liquids and/or those con- 
taining liquids operating at a tem- 
perature of 300° F. or above. The 
maximum pressure at which any ves- 
sel in this class may be operated is 
400 lb. per sq. in., and/or the maxi- 
mum temperature is 700° F. and the 
plate thickness as required by the 
permissible stress allowance shall not 
exceed 114”. This pressure limitation 
does not apply to vessels operated 
under hydraulic pressure at atmos- 
pheric pressure. 








34 


October 


1932—COMBUSTION 











REVIEW OF NEW TECHNICAL. BOOKS 


Any of the books reviewed on this page may be secured from 
In-Ce-Co Publishing Corporation, 200 Madison Avenue, New York 





Thermodynamics 
(Third Edition) 


By J. E. Emswiler 


HE first edition of this book, published in 1921, 
was intended to present the subject matter 
with especial regard to the student’s viewpoint. The 
ready acceptance of the text by teachers in engi- 
neering colleges all over the country testified to the 
success of the author’s efforts. 

In this new edition, the third, a considerable part 
of the text has been rewritten, much new material 
introduced, and several new problems added at the 
ends of the chapters. 

The more important additions are as follows: 
two tables of the properties of ammonia; a fairly 
extensive treatment of the principle of the absorp- 
tion system of refrigeration and, in this connection, 
an introduction to the idea of the use of solutions 
in power cycles; a summary of the rather numer- 
ous forms of the gas equations, and the solution of 
several problems exemplifying their use; an ex- 
tension of the chapter on mixtures, consisting of 
articles on evaporation vs. boiling, on the approx- 
imate derivation of Carrier’s equation, and on the 
theory of the wel-bulb thermometer, with some fur- 
ther illustrative examples; in the chapter on the 
air heat engine, articles. dealing with the gas tur- 
bine, with throttling of the Otto cycle engine, and 
with supercharging; and finally, a rather extensive 
article on supersaturation of steam. 

With the appearance of the new steam tables by 
Professor Keenan, the opportunity has been taken 
to change all references to the new tables and to 
use numerical quantities from them. 

This book contains 347 pages, size 6 x 9. Price 
$3.00. 


Industrial Gas Series—Combustion 
(Third Edition) 


A LTHOUGH a third edition, this book, prepared 
under the supervision of the Committee on 
“Combustion” of the Industrial Gas Section of the 
American Gas Association, has been so completely 
revised both with respect to content and treatment 
that it is in reality a new book. 

In the eight-year interval between the first edi- 
tion and this, much development has taken place 
in the industrial gas field both in practice and in 
knowledge of fundamental theory. The market for 
gas as a fuel has broadened to such an extent that 
its competitive influence has become manifest. 
From time.to time articles appear in technical jour- 
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nals discussing the competitive aspects of fuels for 
industrial heating and advocating the use of this 
or that fuel and equipment. A substantial portion 
of this book deals with these points, and shows the 
methods by which fuel consumption and fuel costs 
can be calculated. 

The following chapter headings give a good idea 
of the scope covered by this book: Heat and Its 
Measurement; Gas Volume and Pressure; Chemis- 
try of Combustion; Thermal Capacity; Heat Trans- 
fer; Combustion Data of Commercial Gases; At- 
mospheric Burners; Industrial Combustion Equip- 
ment; Temperature Control; Heat Salvage Meth- 
ods; Gas Analysis; Fuel Comparisons. Each chap- 
ter is followed by a comprehensive bibliography of 
books and articles pertaining to the subject of that 
chapter. 

The book contains 208 pages, size 9 x 12. 
$2.00. 


A. S. T. M. 
Refractories Manual 


Price 


HIS publication, issued by the American Society 

for Testing Materials, brings together in con- 
venient form the several A. S. T. M. standard speci- 
fications, methods of testing and definitions per- 
taining to refractories. It also includes the latest 
revision of the Manual for Interpretation of Re- 
fractory Test Data. 

The contents include standard specifications for 
clay fire brick for malleable furnaces, stationary 
boiler service and marine boiler service. Methods 
of testing are given for refractory brick, for refrac- 
tory materials under load at high temperatures, for 
porosity and permanent volume changes in refrac- 
tory materials, for softening point of fire-clay 
brick, and for chemical analysis of refractory ma- 
terials, including chrome ores and chrome brick. 
Also included are tentative test methods for the re- 
sistance of fire-clay brick to thermal spalling action 
and for determining the particle size of ground re- 
fractory materials. Standard definitions include 
clay refractories and terms relating to refractories 
and to heat transmission of refractories. 

The Manual for Interpretation of Refractory Test 
Data was prepared by Committee C-8 on Refrac- 
tories. It is felt that the desired effectiveness in the 
use of refractory tests in the control of manufac- 
ture, inspection and utilization of refractories can- 
not be attained until test procedures and methods 
of reporting data are on a sound statistical basis. 
The Manual is an important step in this direction. 


The Refractories Manual comprises 93 pages, 
size 6x9. Price 50 cents. 
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NEW CATALOGS AND BULLETINS 


Any of the following publications will be sent to you upon request. 


request direct to the 


manufacturer and mention 


Address your 
COMBUSTION Magazine 





Continuous Blow-Off Equipment 


Bulletin No. 692 describes the new 
automatic continuous blow-down system 
developed by the Cochrane Corporation. 
In this system the blow-off water is dis- 
charged into a flash tank having suitable 
baffles for purifying the flashed steam. 
Where required some of this steam may 
be recovered at relatively high pressure. 
Otherwise the flashed steam may be 
condensed in heating the feedwater, 
either by direct admission to the ex- 
haust heater or in a flash condenser. 8 
pages, 8% x 11—The Cochrane Corpo- 
ration, 17th Street and Allegheny Ave- 
nue, Philadelphia, Pennsylvania. 


Flow Meters 


Bulletin No. 690 has recently been 
issued describing the Cochrane High 
Torque Flow Meters. The main feature 
of this meter is the high torque design. 
This bulletin is very comprehensive and 
includes charts, tables and photographic 
reproductions of actual installations. 32 
pages, 8% x 11—Cochrane Corporation, 
Philadelphia, Pa. 


Gas Burners 


A catalog entitled “Hy-Power Radiant 
Cross Low Pressure Gas Burners” has 
been issued by The Sonner Burner Com- 
pany. The design and construction of 
these boilers are described in detail. The 
application of these burners to the vari- 
ous types of boilers is shown. Charts. 
tables and sketches are included. oe 
pages and cover. 8% x 11—The Sonner 
Burner Company, Winfield, Kansas. 


Handling Materials by Air 


A new catalog has recently been is- 
sued entitled “Handling Materials By 
Air” describing the Raymond System 
for Mechanical Air Separation, Vacuum 
Air Separation, Air Drying, Air Con- 
veying and Dust Collecting. The cata- 
log is profusely illustrated and also in- 
cludes sketches and a table of sizes and 
specifications of Raymond Mechanical 
Air Separators. 16 pages and cover, 8% 
x 11—Raymond Bros. Impact Pulverizer 
Company, 1315 North Branch Street, 
Chicago, Illinois. 


Heat Resisting Paints 


A new pamphlet has just been issued 
describing Ce-Co Hi-Degree Gray Coat- 
ing for temperatures ranging from 600 to 
1400 deg. fahr. This Coating is a scien- 
tifically designed product which not only 
withstands high temperatures but also 
prevents rust even when subjected to 
weather exposure and fumes from plant 
or refinery operations. The specifications 
for use are set forth. Numerous promi- 
nent nlants in which Ce-Co Hi-Degree 
Gray Coating has been applied are illus- 
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trated. 4 pages, 8% x 11—Cheesman- 
Elliot Company, 639 Kent Avenue, 
Brooklyn, New York. 


Industrial Rubber Goods 


A condensed catalog entitled ‘“Engi- 
neering Data, Industrial Rubber Goods” 
describes the comprehensive line-up of 
principal industrial rubber goods manu- 
factured by The B. F. Goodrich Rubber 
Company. On page 3, table No. 1 on 
rubber transmission belting, gives the 
horsepower capacities, minimum pulley 
diameters, leather belt equivalents and 
list prices on all commonly used sizes 
of transmission belts. Tables No. 3 and 
No. 6 give data which it is claimed have 
never been published in the same form. 
24 pages and cover, 8% x 11—B. F. 
Goodrich Rubber Company, Akron, 
Ohio. 


Pressure Controller 


A new bulletin No. 70 has been issued 
describing the Fisher Wizard Pilot Pres- 
sure Controller. These controllers have 
been designed to control reduced pres- 
sures, relief or back pressures, for boiler 
pressure control by regulating the gas 
or oil fuel supply, for steam, water, gas, 
oil, air and other fluids. The design and 
construction of this controller are set 
forth and a table of prices and standard 
valve bodies are included. 8 pages, 8% 
x 11—Fisher Governor Company, Mar- 
shalltown, Iowa. 





Pumps 


A pamphlet has just been issued de- 
scribing the new Ingersoll-Rand pump- 
ing unit comprising an Ingersoll-Rand 
Pump and a General Electric Motor. 
The unit is shipped completely as- 
sembled and is supplied in capacities 
ranging from 5 to 800 gal. per min. and 
% to 25 hp. The unit is built with an 
open type, totally enclosed or explosion- 
proof motors. Photographs of the pump- 
ing unit installed in various industries 
are reproduced. 4 pages, 8% x 1l1l— 


Ingersoll-Rand, 11 Broadway, New 
York. 

Rotary Pumps 
Bulletin PX4 entitled “Northern 


Rotary Pumps” describes the construc- 
tion and application of these pumps. The 
range of capacities is from 6 to 42 gal. 
per min. and is capable of pressures up 
to 1000 lb. on lubricating oil. These 
pumps may be used for fuel oil, kero- 
sene, gasoline and lubricating oil. 4 
pages, 8% x 11—Northern Pump Com- 
pany, Minneapolis, Minnesota. 


Screw Pumps 


Bulletin 
struction 


No. 145 describes the con- 
and design of the Morris 
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Screw Pumps. These pumps are par- 
ticularly applicable for services such as 
drainage, condenser circulation, etc., 
where large quantities of water are to be 
delivered at comparatively low and 
moderate heads. This bulletin includes 
curves, tables of performance and vari- 
ous sketches. 8 pages, 8% x 11—Mor- 
ris Machine Works, Baldwinsville, New 
York. 


Small Portable Recording 
Thermometer 


Bulletin No. 1040 describes the fea- 
tures, design and construction of the 
new Tag Miniature-Size Recording 
Thermometer and the new Tag Square- 
Case  Dial-Indicating Thermometer. 
These instruments have been developed 
to check the performance of refrigerat- 
ing, air-conditioning and heating equip- 
ment. Prices and specifications are set 
forth. 4 pages, 8% x 11—C. J. Tagliabue 
Mfg. Company, Park and Nostrand Ave- 
nues, Brooklyn, New York, 


Speed Reducers 


Bulletin No. 55 entitled “Jones Spur- 
Gear Speed Reducer Unit” sets forth 
briefly the general construction features 
and the method of rating applied to the 
unit. Drawings and tables giving the 
various dimensions, reductions and ca- 
pacities are included. Photographic re- 
productions show various applications of 
the unit. 16 pages, 8% x 11—W. A. 
Jones Foundry and Machine Company, 
4401 Roosevelt Road, Chicago, Illinois. 


Wire Cloth 


Catalog No. 32 describes the Woven 
Wire Screens, Metallic Filter Cloth, 
End-Shiak Testing Sieve Shaker, Testing 
Sieves and Foundry Riddles. It contains 
a glossary of wire cloth terms and a dis- 
cussion of the method of testing wire 
cloth. Tables and list prices of the vari- 
ous products are also included. 104 pages 
and cover, 4% x 74%—Newark Wire 
Cloth Company, Newark, New Jersey. 





NOTICE 


Manufacturers are requested 

to send copies of their new 

catalogs and bulletins for re- 

view on this page. Address 

copies of your new literature 
to 
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NEW EQUIPMENT 


of interest to steam plant Engineers 





New Superheater for h.r.t. Boilers 


A new and improved superheater was 
recently developed by The Superheater 
Company, 60 East 42nd Street, New 
York City. Unique in design, this super- 
heater is of compact and simple con- 
struction and can be installed by any 


r 
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* Superheated 
Steam 
Safety ~~ 
Vatve { Saturated 
Nozzle Steam 


} 


The 
heater is standard for all h.rt. boilers. 
This h.r.t. superheater comprises two 


regular plant attendant. super- 


cast-steel headers, suspended one on 
each side of the boiler shell and con- 
nected by detachable tubular elements or 
units extending around the underside of 
the boiler, The headers are supported 
by adjustable clamped steel rods. By 
raising or lowering the headers,” the 
units are correspondingly raised or low- 
ered in the combustion chamber and 
thus the desired degree of superheat 
or final temperature of the steam is ob- 
tained, 

This superheater is 
operation. 


automatic in 
is carried 


Saturated steam 














from the boiler nozzle through a con- 
necting pipe to one header, known as 
the saturated-steam header. From there 
It passes to the other header or super- 
heated-steam header, through the units 
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under the boiler, during which it is sub- 
jected to the relatively intense heat of 
the gases of combustion in the combus- 
tion chamber. The steam, then super- 
heated, passes to the main steam line 
for use in the plant. 

Further information may be obtained 
by writing to The Superheater Com- 
pany for bulletin T-22 which describes 
and illustrates this equipment. 


New Automatically Primed Cen- 
trifugal Pumping Unit 


Worthington Pump and Machinery 
Corporation, Harrison, New Jersey 
have recently placed on the market a 
new self-contained automatically primed 
centrifugal pumping unit, having many 
features, 

The new unit comprises an electrically- 
driven ball bearing centrifugal pump, 
mounted with its motor, on a fabricated 
steel bedplate, together with a Mono- 
bloc priming unit of the wet vacuum 
type, controlled by an electric pressure 
switch. The priming pump or evacuator, 
is an adaption of the ‘Hytor’ pump, and 
is licensed to Worthington under patents 
of the Nash Engineering Company. 





The evacuator is connected to the 
“high spot” of the suction volute by 
means of substantial tubing, and is 
sealed with clear water held in a reser- 
voir built into the bedplate of the com- 
plete unit. The evacuator operates to 
remove air from the centrifugal pump, 
thereby causing it to be primed. 

The evacuator motor is connected 
across the main pump motor line at a 
point between the starting switch and 
the motor, so that in starting the motor 
the evacuator motor also starts. The 
pressure switch is placed in the evacua- 
tor motor circuit and its pressure con- 
nection is piped to the discharge nozzle 
of the main pump. Whenever the dis- 
charge pressure of the main pump is be- 
low a pre-determined point the pressure 
switch is held in the closed position. 
When the discharge pressure comes up 
to normal the switch opens and remains 
open as long as the pressure is main- 
tained. If the pump loses its prime the 
discharge pressure naturally drops. The 
pressure switch is thereby closed causing 
the evacuator to operate until the pres- 
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sure is again built up to normal. A 
check valve in the evacuator suction line 
prevents air leakage from the evacuator 
to the main pump when the evacuator 
is not in operation. 

As the evacuator motor is in operation 
only when starting the unit or when it is 
necessary to reprime the main pump, no 
more power is used than with a non- 
priming unit. Likewise as the priming 
unit is mounted on the bedplate between 
the main motor and the centrifugal pump, 
no more floor space or head room is 
required than with a non-priming unit. 

The advantages claimed for this unit 
are: the use of a modern, high efficiency, 
ball-bearing centrifugal pump; no com- 
promise necessary on the size and type of 
pump for a particular service; a priming 
unit that operates only when needed; the 
use of no more power and no more space 
than a non-priming unit. 


Small Stoker Unit 


Combustion Engineering Corporation, 
200 Madison Avenue, New York, has 
recently placed on the market a new un- 
derfeed stoker suitable for application to 
both heating and industrial boilers in 
the approximate range of 40 to 150 de- 
veloped boiler horsepower. This stoker 
is heavily built throughout and embodies 
a number of distinctive features. Its 
fuel-feeding mechanism is of the ram 
or plunger type and comprises a main 
ram or pusher and auxiliary pushers, all 
mounted on a sliding plate which moves 
back and forth in the bottom of the re- 
tort. The grate surface is composed of 
stationary bars with moving elements or 
tuyeres which serve to agitate the fuel 
bed and make for more effective air dis- 
tribution. Standard equipment includes 
dead plates on either side of the active 
grate surface, but at the option of the 
purchaser these may be replaced by 
easily operated shaking dump grates of 
sectional type. 

The drive is supplied by a constant 
speed motor, variation in fuel supply be- 
ing secured by means of a special tim- 
ing device which regulates the number 
of strokes of the plunger per minute in 
accordance with load requirements. An 
eight to one speed range is thus secured. 
The transmission is very rugged and is 
equipped with roller bearings. The fan 
is integral with the drive and is equipped 
with silent inlet dampers. 

The control system, included as stand- 
ard equipment, provides continuous ad- 
justment of fuel feed and air supply over 
a wide range of load, and automatic on- 
and-off control during banking periods. 

This stoker is identical in principle to 
the Company’s Type E Stoker which 
has been on the market for nearly 30 
years, and which is serving over 11,000,- 





000 sq. ft. of boiler heating surface in 
this country. 

A folder describing this stoker is avail- 
able and will be sent upon request. 


37 





BOOKS | I] 


NN 


for the Engineer 








1—American Machinists’ Hand- 
book (Fifth Edition) 


By Fred H. Colvin and Frank A. Stanley 
1140 Pages 4x7 Price $4.00 


Every section of the Fifth Edition of 
this well-known manual has been thor- 
oughly revised—some of them have been 
practically entirely re-written. A great 
deal of the new material is in the shape 
of data and methods which have been 
developed and are now being used in 
some of the world’s leading manufac- 
turing concerns. Another feature is in 
the insertion of special tables and dia- 
grams to help in estimating and select- 
ing proper equipment for various jobs. 
Obsolete material has been weeded out, 
making the book 100 per cent usable and 
up-to-date. 


2—Pulverized Fuel Firing 


By Sydney H. North 
204 Pages Price $2.25 


The author of this book, an English- 
man, briefly reviews the history of pul- 
verized fuel as a prelude to a discussion 
of its development to the present day. 
Contemporary designs of furnaces, burn- 
ers, feeders, pulverizing mills, driers, 
dust collectors, etc., are described and 
illustrated, as are actual installations in 
America and Europe which exemplify 
the trends of practice. Chapters are de- 
voted to the combustion of pulverized 
fuel and its use in connection with Lan- 
cashire boilers, marine boilers and in 
metallurgical furnaces. 


illustrated 


3—Handbook of the National 
District Heating Association— 
1932 (Second Edition) 


538 Pages 6x9 Price $5.00 
This handbook, which is essentially an 
encyclopedia of district heating, will be 
of interest and value not only to those 
who are actively engaged in this work 
but also to those who desire to fa- 
miliarize themselves with this important 
industry. 


The opening chapter tells of the 
growth of this industry from its begin- 
ning in 1877 up to the present. Other 
chapters present engineering data use- 
ful in the calculation of heating require- 
ments, planning and designing of heat- 
ing plants and systems. The final chap- 
ters discuss rates and sales activities of 
the district heating industry, and the 
economical use of steam. This latter 
chapter is probably one of the most in- 
teresting and valuable chapters of the 
book as it gives much detailed informa- 
tion covering the possibilities of reduc- 
ing waste in steam. 


4—BEHEMOTH: The Story of 
Power 


By Eric Hodgins and 
F. Alexander Magoun 


354 Pages 6%x9 Price $3.50 


Setting out to prove no theses and tak- 
ing no sides in the quarrels centering 
around our machine civilization, Eric 
Hodgins and F. Alexander Magoun 
have told in BEHEMOTH: The Story 
of Power, the first complete story of this 
age of power and of its creation out of 
the vague and confused beginnings that 
followed the close of the Middle Ages. 
Combining vivid history and biography 
with sound science, Mr. Hodgins and 
Mr. Magoun paint a picture of the rise 
of power from primitive days, when 
muscles were the only power machines, 
down to the modern marvels of machin- 
ery, which cram 100,000 horsepower into 
the size of a modern five-room apart- 
ment. BIEEHEMOTH is the story of an 
age, entertainingly told in terms of the 
men who created it. 


5—Power Plant Management 


By Walter N. Polakov 
171 Pages Price $2.00 


This book offers information of con- 
siderable value to those concerned with 
the management or supervision of power 
plants, and will help to solve many prob- 
lems. 


Today, power plant cost comes next to 
payroll as an expense item in textile 
finishing, paper products, food indus- 
tries and other enterprises. If the ap- 
plication of efficient methods—checking 
layouts, costs, waste, etc—in the 
generation, distribution and utilization of 
power, and especially in the scientific 
organization of the human element, sav- 
ings of tens and hundreds of thousands 
of dollars are possible. It is to show 
management’s place in creating these 
savings—to outline the simple proceed- 
ings necessary for the typical power 
plant, large or small—that this book was 
planned. 


6—General Engineering 
Handbook (First Edition) 


Editor-in-Chief: 
Charles Edward’ O’Rourke 


922 Pages Price $4.00 


The plan for this handbook, according 
to the editor-in-chief, who is Assistant - 
Professor of Structural Engineering at 
Cornell University, was conceived in the 
belief that a great amount of funda- 
mental engineering data could be as- 
sembled in a compact pocketbook of not 


‘over 900 pages, which would be valu- 


able as a ready reference and hand com- 
panion for practicing engineers and for 
students. The purpose is to supply a 
compact reference work of important 
fundamentals for all engineers. 

The author seems to have accom- 
plished this in a most satisfactory man- 
ner. There are 31 sections, each sec- 
tion dealing with one general subject. 
Six of these sections contain material 
which is of importance to all engineers; 
others belong in the fields of civil, me- 
chanical, electrical engineering, etc. Also 
engineering mathematics. 

The book contains tables and charts 
useful in the various branches of engi- 
neering. An important factor is a bib- 
liography of the important works deal- 
ing with the subject, at the end of each 
chapter. There is also a comprehensive 
index. 
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